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CURRICULUM VITAE 

David Rayner 

David  Rayner is Director,  Safety & Standards, Railtrack  PLC  and  a  member 
of the Railtrack  Board. A career  railwaymaa,  he  joined  British Rail in 1963 
after graduating at Durham  University  and has  worked  widely  across  the  rail 

network.  Involved  in  the  creation  of  railcards  and  national  travel  promotions, 
Mr Rayner  was  appointed  Director,  Passenger  Marketing  at  British  Rail 
Headquarters in 198 1. 

He  became  General  Manager,  Eastern  region  in  1985,  and  joined  the  British 
Rail  Board in 1987.  Following  the  serious  accidents in that  and  the  following 
year,  he has led  the  overhaul  of  safety  management  practise  throughout 
British  Rail.  Latterly he has been  closely  involved  with HSE in  devising  new 
safety arrangements to support  rail  privatisation.  He  moved  to  the  Board  of 
Railtrack  at its inception in April  1994. 



THE USE OF RISK MANAGEMENT PRACTICE IN THE 

SAFEGUARDING OF SAFETY OF THE PRIVATISED RAILWAY 

INDUSTRY IN BRITAIN 

DAVID RAYNER 

Director, Safety  and Standards 

RAILTRACK PLC 

UNITED KINGDOM 

Most delegates to this Conference will be aware of the  major 

restructuring and privatisation of the main line railways in Britain. 

In a politically  driven  initiative - as part  of a Government  programme  of 

major industry  privatisations  in  pursuit of  improved efficiency and 

customer service - the vertically integrated and unitary organisation of 

British Rail, state owned for almost 50 years,  has been systematically 

broken up and either sold or prepared for sale. D/IEWFOlL] 

The  restructuring has been politically  controversial, and the preservation 

of system safety - a  hallmark of British Rail - has been one of the 

recurring themes of the  political and media  debate. 

Opponents  of privatisation have  argued that  without an integrated 

command organisation, the delicate balances necessary to maintain a 

busy, but safe, network of rail services will be put a t  risk. 

Proponents of privatisation argue that other risk industries  are  similarly 

complex,  yet manage safety  successfully through a network of different 

ownerships. Why should railways  be any different? 

How then is safety  managed in this newly privatised, interlinking  complex 

of IO0 or more rail companies? What is the  outlook for maintaining high 

safety performance? 

SPKSA96.doc I 
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The  restructuring and privatisation of Britain’s railways has been 

accompanied by significant and  far reaching changes in  the safety 

management regime of the industry and by changes in safety legislation. 

The changes represent  the  outcome  of a collaborative effort between 

the  Government  Health & Safety Executive (HSE) and railway 

management. The new regime is based on principles contributed by each 

of the parties [VIEWFOIL] 

- a risk based  system of safety  management developed by 

British Rail in the years following the major rail accident 

at Clapham junction; 

- a cascaded  and interlocking “Safety  Case” approach to 

the  demonstration of safety  management capability and 

competence, developed in the nuclear industry and 

subsequently in the off-shore oil and other risk industries 

and adapted for railways by HSE. 

Following the serious train accident at Clapham Junction in 1988, a  major 

overhaul of  the BR Safety  Management  System was initiated. There was 

recognition that the heavily rules- orientated, functionally driven safety 

management  system that had evolved over very many  years  was no 

longer  appropriate in a Corporation whose strategic direction was 

fundamentally changing from a public service utility t o  a market  driven 

conglomerate of rail businesses. 

If the  Corporation was t o  take  on board the organisational restructuring 

necessary t o  deliver business  leadership and promote  innovation and 

change, then  the Safety  Management  System itself  must  undergo root and 

branch reform - placing overall safety responsibility with the business 

decision makers  and devolving specific  safety responsibilities, on a risk 

allocated basis to the  line management of the delivery organisations. 

SPKSA96.doc 2 
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Based on  the historic safety records - which for British Rail are  long and 

detailed - safety performance targets for the  Corporation  overall  were 

identified, and  agreed with  the then owner,  Government. These explicit 

targets - PIEWFOIL] based on risk tolerabilities - I O 5  p.a. for frequent 

travellers on  the system, 1 0-4 for the  out-door  workforce, I Oe6 for 

public - were used essentially as “hurdle rates”, t o  use a financial analogy, 

against which the safety performance of the components of  the 

Corporation  would be measured and compared, and also, importantly, 

against which changes in  the businesses - organisational, technical, 

operational, working practices, etc - could be  appraised, using risk 

analysis (albeit crude and judgmental in many  instances) to identify 

changes in safety risk. Where risks rose significantly as a result of the 

proposed change, then  appropriate  new or revised control or mitigation 

measures were to be put  in place to  return  the risk to target levels, 

consistent with  the overall risk targets, or the change  was to be  modified 

or abandoned. 

Thus was a  risk based concept of safety  management introduced, capable 

of dealing rationally with innovation and change supportive of a business 

led system of management. It prompted, over  the span of  three or four 

years, a whole series of risk analysis templates and the  compilation of a 

body of practice  knowledge which reinforced managers confidence to 

move to the new basis of safety management. And it encouraged the 

development  of a values system for safety,  using the concepts of safety 

cost  benefit analysis and the derivation of values of life, t o  create  a 

framework of rational safety  appraisal that would facilitate  a responsible, 

albeit pragmatic, rationale for safety  standards,  safety investment and 

other safety decisions. 

In this  latter  context,  the  Corporation realised that it could not stand 

still in safety performance  terms. British society has rising expectations 

in rail safety, as in much else in the service  supply area, and British safety 

law demands  that, a t  any point in time,  safety risks be controlled t o  be as 

low as reasonably practicable at any time. 

SPKSA96.doc 3 
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There was acknowledgement that many of  the changes and 

developments in the industry  provided  windows of  opportunity to  take 

reasonably practicable (i.e. economically justified) steps to improve 

safety.  Thus the concept of continuous and affordable improvement  in 

safety  became accepted throughout  the  Corporation,  prompting a 

positive, opportunistic  outlook  towards safety around  investment and 

renewal  projects and other business developments. 

Much of the detail of this risk based system of rail safety  management in 

Britain is known t o  many  colleagues a t  this  Conference and is written up 

and published as conference and seminar proceedings and in  the railway 

press. 

Suffice t o  say for the purposes of this address that  the changes brought 

about a  knowledge of risk management  and a preparedness to apply it to 

the railway scene, which, being quantitative and numeric, engaged the 

intellectual interest of the business  managers  and  gave them confidence 

to be  innovative and dynamic in their business  strategies whilst, at  the 

same time, achieving visibly improved safety performance in the industry. 

It is a matter of record  that between I990 and I995 fatal accident 

outcomes, of passengers, public and staff, halved in number.D/IEWFOIL] 

Leadership in safety, like leadership in quality and customer focus  became 

the preserve of the business  manager  and no longer the functional 

specialist. 

Concurrent with these  rail  industry developments, the HSE were 

devoting considerable attention to  the adoption  of more formalised 

safety  management  systems for large scale industrial  enterprises  where 

there was a diversity of risk exposures,  and frequently  a  diversity of 

participating organisations. 
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The  impetus for this work stemmed from another  major accident, on  the 

Piper  Alpha oil rig, offshore in the North Sea. From  that  accident came  a 

very  thorough  inquiry led by Lord Cullen,  and  a report  [VIEWFOIL] 

which has proved to be a landmark  in  European safety  management 

practice.  Cullen  identified the  complex  interaction of equipment,  plant 

and operators on offshore oil rigs, which  demanded a  level of compliance 

with  strict  operational  procedures and  a sophistication of overall  control 

that  required an altogether  more rigorous, measured and committed 

safety management system. Cullen  proposed  the  preparation of a “safety 

case” for each rig, which  would carefully analyse the hazards  and risk 

exposures of every  component of activity, would  set  out  in such detail as 

was necessary the  operational  and  control  procedures,  and  would  then 

demonstrate  the  management processes  and competencies  that would 

deliver a committed and credible safety management  system to comply 

with  the safety controls.  The Safety Case would be  prepared  by  the 

owner or operator of the rig and would be  examined  and  formally 

accepted by the safety  authority. The Safety Case would be a  “living” 

document  which would be  amended and updated as change occurred 

and the safety management  system adapted. 

It has been the HSE’s significant contribution to adapt the  Cullen 

approach, as now widely  employed  in  the oil and  chemical  industry,  and 

elsewhere, to the fragmented  rail industry. Their skill, in the  view of the 

speaker, has been to  recognise the relative  maturity of technology  in  the 

railway, and to the extensive  understanding of risks, and to so adapt the 

Safety Case approach to make it as practical  and  bureaucratically ‘‘light’’ 

as possible. D/IEWFOlL]. 

Thus has come  together a  system of safety management for railways 

based on risk management  practice, but having a formality of expression, 

via the use of safety case practice, that enables responsibilities to be 

identified, control measures committed  and  organisational  capability to 

deliver  compliance  and  control  set  down, for overall assessment, and 

formal acceptance, of safety assurance and as a basis for continuous 

monitoring,  check  and audit. 
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In the  new  structure, Railtrack, as owner  of the greater  part  of  the 

mainline network and controller  of  train movement, is cast as 

Infrastructure  Controller and directing mind in safety. [VIEWFOIL] 

In this role, Railtrack submits to the UK Safety Authority,  the Railway 

Inspectorate and, has accepted, a Safety Case detailing not only how it 

will safely maintain the railway  infrastructure and  safely control  train 

movement (via the signalling  system), but also identifying how  it  will 

safely control the risks necessarily imported  onto  the  infrastructure 

network by each of  the 50 or  so Train  Operating Companies and other 

users. 

Railtrack exercises these responsibilities by  requiring each of  the  Train 

Operating Companies and other  network users to  themselves present a 

Railway Safety  Case, demonstrating  their understanding of  the safety 

risks they generate, how they  are t o  be  controlled, and how the 

management arrangements for control will be exercised in close 

harmony with those of Railtrack and other operators. 

In themselves importing risk into their own operations, through 

procured equipment and contracted services, the Train Operating 

Companies will also set down in their Safety  Case how they  will  properly 

control those risks with their suppliers and contractors. 

All the parties must  demonstrate  commitment to the  network targets of 

acceptable  safety performance, and t o  common safety  standards of 

engineering, operations and competence, set down by Railtrack. 

Thus an interlocking  structure of accepted safety management systems, 

checked for consistency, compliant with common policies, principles and 

safety  standards, provides some considerable confidence that, despite 

the fragmentation of the industry, and the divided ownership, and the 

expectation of major business, technical and attitudinal changes,  safety 

can continue to be managed in an effective manner,  and largely as an 

industry  owned and  managed responsibility, with  the  Government safety 

agency, acting in a regulatory rather than executive role. 
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I should add tha t  Railtrack also adopts the same  safety  case  approach to 

the contracting of our processes of infrastructure  installation, 

maintenance  and  repair,  requiring  each  major contractor to submit and 

have accepted a Contractor’s Safety Case. WIEWFOIL] 

My colleagues,  Matt Walter and Mike Siebert, in their presentations to 

this Conference, will  explain in somewhat  fuller  detail  how  Railtrack sets 

safety standards for the network and how it manages the Safety Case 

arrangements for Train Operating Companies. 

I want to devote the remaining  minutes  of  this presentation to a 

consideration of the strengths and  weaknesses of this innovative,  and 

currently uniquely British approach to railway  safety  management,  and to 

recount some of our experience of the process in the two and a half 

years  since its inception. 

In first  looking at  the strengths and  weaknesses of the approach, the 

criteria of evaluation are not just that the regime  must continue to 

delivery  safety, but it seems to me, that it must be seen to delivery safety. 

In Britain today, as in other developed  countries, there is a high and 

growing expectation of industry and commerce that its products and 

services will be safe, and that the systems it has in place to deliver safety, 

and the competence of the people  involved are demonstrably  rigorous 

and  well managed. 

Accidents, as we the specialists in safety  know,  will  from time to time 

continue to happen, b u t  society,  whilst it can understand errors and 

flawed judgements in safety, is  increasingly intolerant of incompetence 

and inappropriate  process. D/IEWFOIL] Society  also expects 

responsibility for error  or failure to be  identified,  and, as necessary, for 

the due processes of the law - both  criminal and civil - to play their part. 

ai 
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The great strengths of  the  new regime in  Britain are its objective, and as 

far as possible, numerate approach, i t s  openness  and visibility, the  prior 

acceptance principle, following close independent scrutiny, and i ts facility 

for objectively handling change  and innovation. 

By setting out to identify all significant risks, [VIEWFOIL] and  by utilising 

methods of doing so from an extensive array of risk management 

diagnostic tools available today, then  there is demonstration of 

managerial rigour  at  the  core of the safety management system. 

Moreover, by submitting this analysis to the  scrutiny of an independent 

acceptance body - Railtrack in the case of Train  Operators, the HMRl for 

Railtrack - then  further  rigour is brought to  the process. 

The  identification of individual managerial responsibility for control is 

another  output  from  the analysis  process, and drives the responsible 

party, aware of the risks and alert t o  the implications of failure, to put 

forward  appropriate measures to manage  and control  those risks. 

Moreover, since the  whole process is on a measured risk basis, then  the 

identification and  design of effective  controls can  be undertaken in a 

systematic way, so that both the responsible party, and the safety  case 

accepting party, can be satisfied the measures proposed to control risks 

as low as reasonably practicable - the test  of fitness in British law. 

Thereby, the business imperative of value for  money is also  satisfied. 

Finally, by committing  the  risk analysis  and resultant safety management 

system to paper, there are a further series of strengths from 

- i t s  availability as a basis for handling change, in a 

structured and objective way; 

- i ts  use as the basis for inspection and audit of compliance; 

SPKSA96.doc a 
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- to facilitate the systematic review of safety management 

system adequacy, in the light of the evolving record of safety 

performance monitoring; 
-~ ~~~ ~ ~ -~ ~ ~- .__- ~~~ ~~ - 

- --its use, post accicfent, to focus on underlying causes of 

failure,  and breakdown in managerial responsibilities and so 

sharpen recommendations for improvement; 

I 
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I 

I 

What then do  we  see of the dis-benefits  and downsides? D/lEWFOlL] 

First, moving to a measured risk  basis  of safety  decision  making,  brings 

the necessity for  a more structured and  inevitably more administratively 

heavy process of management. Risk assessments must be made and 

recorded.  Control measures must be formally set down and 

promulgated. All involves additional administration and a  management 

system to ensure that it is updated  and  dynamic. 

Many  of the control  measures apply across  the network. Thus the 

system demands a rigorous Standards regime,  with the evaluation, 

iteration and  application of the Standards as a significant  activity in its 

own right. (Matt Walter will allude to this). I 

I 

1 

Our conclusions are  that  these extensions of the management and 

administrative process are a small price for  the potential improvements 

in safety assurance. 

B u t  that requires one risk to  be recognised and  itself controlled.  The 

risk of bureaucracy. This can  have two insidious  effects. The first is that, 

unless resolutely resisted, the bureaucracy of the system comes to 

I 

I 

I govern the system itself - stifling change,  lengthening timescaies, creating 
I cost, and  ultimately encouraging aversion to  safety risk  itself. 

I 
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Second, t o  create a bureaucracy around an essentially pragmatic 

management technique - risk management - is itself t o  risk the middle 

ranks of practitioners - middle and junior managers,  safety advisors, etc - 
believing in the absolutes of numbers. In Britain the railway has 

 traditionally displayed a weakness  here. Middle management has not had 

a good understanding for the  context and perspective of figures. The 

“million and  one pounds”  syndrome I call it : a belief  in  spurious accuracy. 

~~ 

Risk analysis is essentially judgmental. The frequency of many risks is 

very  low.  Accident  outcomes are usually random. To create through a 

bureaucratic framework a blind  belief in the risk figurework will be t o  

assume an integrity of  the resultant decision making that is false  and 

dangerous. Bureaucracy creates respectability in  the eyes of those who 

create and  use it. W e  know  that risk management is itself a very useful 

development  in safety  management. But it requires the exercise of 

discretion and of challenge  and of  the very  careful interpretation  of 

figures in the  support of decision making. It is at  best an aid to  

managerial judgement. 

I 

So there are downsides to  the move  towards a risk based, formalised 

system of safety management for railways. 

But  our experience in Britain is that this system does provide a workable 

framework  in which radical change  may be made t o  the  structure and 

ownership  of  the railway, where commercial and technological 

innovation may be introduced in the wake of  new management thinking 

and new sources of funding,  and where  the management of safety may be 

brought  into and integrated with  the mainstream of business 

management and preserve the high  and rising standard of system safety. 
I 

Let  me be frank  however : the change to   the new safety management 

system is not  without is growing pains. PIEWFOIL] 
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After IO0 years of  an autocratic, handed down system of  prescriptive 

safety  measures, functionally driven and with origins  frequently  lost is 

history,  the change in culture  required  of  the new regime is considerable. 

The  requiremetit~of  the senior management team  of each company - no 

less - to familiarise itself with the principles of risk management, and to 

apply them t o  i ts  own activities is an onerous task. The  identification of 

risk exposures, the realisation of accident vulnerability and the 

implications for personal and company responsibilities and liabilities is a 

salutary  experience for most managements. The realisation that 

compliance with  the Company’s own  owned and devised safety 

management system is a  requirement of management, staff and 

contractors, and that  the safety case, with  control measures spelt out 

and management processes defined, is the basis for check and audit with 

irrefutable findings are all  downstream  recognitions that do not emerge 

immediately. 

~ ~. ~ ~~~~ ~~ ~~~~~~~~ 

. . ~ ~ 

Railtrack has made its share of mistakes.D/IEWFOIL] There was 

insufficient  consultation with  the business directors and senior  line 

managers in the  construction of the safety case. As a result, the level o f  

understanding and sense of ownership was not well developed and no 

great value was initially placed on compliance with i t s  undertakings. 

Railtrack has been rightly taken t o  task by the HMRl over i ts  failure to 

apply its own safety standards t o  i ts  own  contractors. Its lack of 

systematic checking and audit of i t s  committed safety management 

arrangements has also been  found wanting. 

There have  been emerging  problems too  in the application of risk based 

acceptance of technical  innovation. The evaluation, for instance, of  the 

impact of very low frequency  electromagnet interference generated  by 

innovative  new designs of traction  motors  on  the varied stock of track 

circuits installed throughout  the  network has proved to  be a very  difficult 

risk issue to  handle, and commissioning of some  new  rolling  stock has 

been held up. 

SPKSA96.doc I I  
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The use of risk analysis  and cost  benefit techniques t o  establish the 

reasonable practicability of  network safety standards has  also proved 

difficult and irksome to  many functional  experts. 

All these~and many more transitional problems. 

But, throughout, the safety performance of the  network has held up. 

l)’lEWFOlL] I995/96 saw the lowest level ever of fatal  accidents. 

Serious injuries were  down and time loss accidents fell.  Seemingly 

declining trends in collisions, derailments, fires, signals  passed a t  danger, 

have  been  established and are being maintained throughout  the 

restructuring and privatisation process. 

W e  remain confident  that  our new ways of managing  safety are fit for 

purpose and fitted for the revitalisation of Britain’s railways. [VIEWFOIL] 

And, as safety practitioners, we are encouraged t o  persevere with 

perfecting the system in the knowledge that  our railway i s  now plugged 

in to  the mainstream of international  industrial safety practice and will 

undoubtedly benefit, long  term,  from  the developments and 

improvements that derive  from exposure to the sustained quest for 

progressively higher levels of industrial safety performance. 

~ ~~~ - 

David Rayner 

Director, Safety & Standards 

Railtrack PLC 

3 September I996 
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Graduated  in 1969 with B.Sc.  (Special)  Degree in Chemism awarded by 
London  University. 

0 8 years  Production  management  experience  in  electronics,  iron  and  steel 

0 8 years  experience as a  Specialist  Inspector  in  the  Health  and  Safety 

0 5 years as Head of  Safety  in a major  international  food  manufacturing 

0 Joined  British  Railways  in  mid-1990  in  the  new  role as head of corporate 

Appointed  Director,  Safety  BR in February  1992. 
0 Transferred to Railtrack  plc on its formation in April 1994 as Controller, 

0 Spent  one  week with Spoornet  in  February  1994 to help  develop  safety 

~ ~ ~~~ ~ ~~ ~~~~~~~~ . . ~ ~ 

~~.~ ~ ~~ 

processing  (in  Japan)  and  industrial  chemicals. 

executive,  specialising  in fire  and  explosion  hazard  prevention. 

€TOUP. 

safety  audit. 

Safety  Assurance  in  the  Safety  and Standards Directorate. 

case  processes. 

Responsibirities  include: 

0 Managing  Railtrack’s own Railway  Safety  Case. 
0 Directing  the scrutiny and  acceptance  of  other  operators’  Railway  Safety 

Audit,  monitoring  and  reviewing  conformance  with  Railway  Safety Cases 
Cases. 

of  other  operators on Raillrack‘s  controlled  infrastructure. 

Additional qualifications include: 

Chartered  Chemist,  Member  of the Royal  Society of Chemistry,  Member 

0 Member  of the  International  Instititute of Risk  and  Safety  Management. 
of the  Institution  of  Occupational  Health  and  Safety 
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Controller,  Safety  Assurance 
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Introduction 

The purpose of  the Railway Safety  Case  (RSC) is to demonstrate that  the  train and 

station  operators have the ability, commitment and resources t o  properly assess  and 

effectively control risks to the health & safety of staff and the general public and to  

provlde a comprehensive working document against which management  (and the 

acceptor and safety regulator) can check t h a t  the accepted risk control measures 

and safety  management  systems  have  been properly  put  into place  and continue to  

operate in  the way in which they are intended. 

The infrastructure controller must be assured that  the activities of  the  train 

operator  will not prevent him from discharging  his  legal obligations t o  operate safe 

infrastructure. 

The purpose of t h i s  paper is to  explain the 3 activities which form  part  of  the Railway 

Safety Case process 

- safety validation 

- safety assurance 
safety review 

and identify the improvements to  be brought  about t o  meet the requirements  of 

Railtrack as infrastructure  controller and the  train and station operating companies. 

Safety Validation 

The first part  of  the process IS the review and  acceptance of the submltted 

document - “safety  valldation”.  This is undertaken by a team of specialists whose 

skills will reflect the  proposed  train operation. 

They  will satisfy  themselves  by review and  study of  the  document plus a face-to-face 

meeting with  the  operator, that the risks have  been properly  identified and  assessed 

and that the control measures proposed will be  effective. There may be significant 

recursion in thls process  but, crucially, it ends with agreement between  the  train 

operator and infrastructure  controller as to  the nature and  size of  the rlsks and the 

control measures required, especially  when  those control measures  span 

organisational boundaries - “interface risks”. 

li 



Since safety validauon always takes place before  the  operatlon or change is 

implemented, it amounts to acceptance of a series of  future  committments, albeit 

based on  current performance. In our view, It IS essential that this agreement IS 

reached  between  the  relevant  parties and not imposed by some third  party o r  

independent  regulator. 

-Safe tyRev iew 

Once accepted, the safety case must be  implemented, monitored and  audited. The 

infrastructure  controller  must assure hlmself tha t  the risks are  being  controlled as 

agreed. The Safety Review  organisauon  carries out this role  for  S&SD. Essenually, 

they  contact  the Railtrack Zone  and  other parts of S&SD to build a plcture  of past 

performance and then  prepare a remit   for  an audlt  The Safety Audit  Department 

of S&SD carry  out  the  audit and report  back. The  Revlew  team will then seek an 

action plan from  the train operator to remedy any non-compliances and will 

normally  meet the operator to agree  the  action plan and timescales. This plan will 

be taken into consideration  when the  next audit  remit is prepared.  The process also 

includes a review  of  the overall safety performance of  the  operator. 

Safety   Assurance 

The third leg of the process is called safeqf  assurance. 

Both validation  and  review  are “set piece” activities with clear  remits and occurring 

at  set tlmes. W e  recognise a need for both formal and informal  contact  with 

operators  between these  set pieces, especially in a rapidly  evolving railway. I have a 

senior manager who assisv me in t h i s  activity and we act as a bridge  between the 

operator and any part of S&SD (and  indeed  Railtrack as a whole) to ensure t h a t  

issues are managed as they arise and  are not allowed to fester  and  become  the 

centre of major dispute. W e  will expect to meet each operator  at least once, and 

often  twice, each year. W e  also mainrain  contact with  the Zones.  Intelligence 

gained during th is  process is shared with the relevant Departments  who may then 

wish to contact  the  operator to resolve  the developing Issue. 

Process Outcomes 

W e  have significant  experience of t h i s  process now, since w e  have accepted 53 RSCs 

since we started. W e  have also undertaken material  and nonmaterial changes to 

most of these, many more than  once. So, what  are  the  emerging issues? 
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Firstly, the  industry is changing  rapidly,  and this requires rapld response to  requests 

for change. From  the early beginnings, where  we waited for the  operator t o  submit 

his  case for review, we  have  moved to a position whereby we invite  the  operator to 

approach us as soon as he has Identified the change he wishes to  make. W e  will 

then agree with him  what are the key issues  and work  with him to resolve them so 

that his first submission fully addresses the issues. W e  have found that t h i s  

significantly  reduces the time taken to  complete the validation. W e  are satisfied that 

we san do thiswithout losing-our independeneehmthe operator in checking the 

document Essentially, ~ we are agreeing the nature and  size of the risks and the 

control measures with  the operator  before  the written submission rather than after 

i t  

The emerging issues largely relate to  risk assessment The industry will develop  and 

grow by change  and innovation, not by  stagnation in existing processes. W e  are 

determined that, provided  the risk assessment is suitable  and  sufficient,  we will 

accept  the process even if  the outcome i s  not  known  with any certainty, because the 

areas of uncertainty will have  been identified and controls put in place to  identify 

outcomes and  manage them. What is “suitable  and sufficient” will obviously depend 

on the nature of  the change sought 

Material changes to a RSC require revalidation by the  infrastructure  controller. It 

will always be difficult to  define exactly which changes are material and which are 

n o t  Clearly, many changes obviously  fall into one camp or  the  other  but  there  will 

always be a grey area. Our  task is to limit the grey area to allow  operators as much 

certainty as possible. 

Similarly, our Review process is developing fast In their f i rst  year of existence, 

operators receive 2 reviews and in subsequent  years only one (unless  severe 

deficlencles are identified). The audit and review moves from being intrusive and In- 

depth  on early  occasions to a later demonstration of  good management  by the 

operator. We are now moving to a single  question audit of a RSC:  “Please, Mr MD, 

show me  how  you satisfy yourself that you are complying with  your RSC”. 

Naturally,  there are likely t o  be  one or two subsidiary  quesuons! Nevertheless, the 

operator should be able to demonstrate that hls own  monitoring, audit and review 

processes are adequate. 

What have we found so far? Generally there IS a willingness to  comply, though 

some organisations have made better progress than others. The biggest problem 

has been that some RSCs have  been written as statements of Intent  rather than 

statements of activity. Thls is being  addressed  by those operators as they have 

gained experience in day to day operations of trains and  stations. 

Ulk3 



Conclusions 

The overall  effect of these  processes has been positive towards safety. Indeed, since 

the first forms of safery  case were introduced by April  1992,  we  have  managed to 

halve the average  fatality rates for staff and passengers from 24 and I3 respectively 

in the  three years to 199  1/92 to I3 and 6 respectlvely in the  four years to 1995196. 

We can never be complacent and accidents, such  as the tragic  collision a t  Watford, 

rnay~still occur from time to time,  but what we  have all achieved is a clear focus on 

the risks  and relevant controls and a combined will to manage  as safely as possl~ble.~-- 
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Dr M H Walter 

After  spending 11 years in engineering  and safety consultancy, Matt Walter 
joined the  British  Rail  Safety Directorate in  the  middle of 1993. As Head of 
Safety  Validation,  he  was  responsible  for: 

Safety  validating  the  disaggregation  of  British  Rail  into franchisable units 

The  production of Railtrack’s  Railway  Safety Case. 

In April 1994, he  transferred to Railtrack‘s Safety and Standards 

Developed and  implemented  the processes for assessment  and acceptance 

He maintained  and  update  Railtrack’s Railway Safety  Case,  including the 

~~~ ~~ 
~ ~~~~ ~ ~~~ ~. ~. ~ ~~ 

~- ~- 
~~ ~ . ~. ~~ 

~ ~ 

and  the  formation  of Railtrack; and 

Directorate, where  he: 

of  train and station operator’s Railway Safety Cases; and 

validation  of  material changes. 

Currently, Matt heads up the Safety Standards department which is 
responsible  for the development of new  and revised Railway Group 
Standards. 
These standards, which cover Operations and Engineering  functions apply to 
railtrack and train  station operators. 

Define  the  high  level  control  requirements that respond to Railway Group 
safety objectives and  Railtrack’s  Railway Safety Case. 
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Rad safety continues to be an Important issue and also a personal issue to  the many 

thousands of  people who regularly use the railways. With the  majorlty  of  the  industry 

being  in  the  private  sector  there is increased  pressure for  improving  profitability and 

efficiency. There i s  general recognition t h a t  if the  network i s  to flourish and traffic to 

grow then change, innovation,  new  equipment and new worklng methods need take 

place. Railway Group Standards have a  key role in t h i s  drive for change smce they 

provlde  the  core of the risk control measures for maintalnmg safety. 

Thls  presentation  provldes a background on Group standards, the changes made smce 

Railtrack  inherited  responsibility for these Standards from BR, and the proposals for 

further review to finally align Railway Group Standards t o  the Safety  Case regime. 

Prior to the  privatisation of  British Rail and the “open access” of the railways, the 

Government  set the scene for today’s safety regime in a publication  entitled “Ensuring 

Safety on Britain’s Railways”. It  determlned  that  prime responsibility for safety rests wi th  

the  party In control  of  the actlvity; that  operators must be accountable for those aspects 

for which they have control; and, t h a t  the  party  in  control of the system itself has a 

responsibility to impose  condiuons of access and to  monitor  what is going  on  in its 

system. “Ensuring Safety on Britaln’s Railways” also identified the  particular  part to be  

played in the  new safety regime  by  the  Infrastructure  Controller,  in this case Railtrack, 

which is in  operational control of the  infrastructure. It is established that  the 

Infrastructure  Controller  must  be assured tha t  unacceptable risk will not  be imported 

onto its system, but  that t h i s  did  not  relieve  other  operators of their  own safety 

responsibilities. 

It is these  principles which  not only gave Railtrack, as an infrastructure  controller,  the 

justification t o  assess the Safety  Cases of train or station operators  before  they 

commenced  operation, but also the justification for  it to  require such operators to 

comply with Standards that  are designed to achleve compatibility and safety of  operation. 

These two requirements  are  brought  together in the Railways (Safety Case) 

Regulations, 1994 whlch  require an infrastructure  controller’s safety case t o  indlcate 

what Standards the  Infrastructure  controller and train and stauon  operators will be 

required to follow. 

In terms  of organisation, it was, therefore,  appropriate  that  the  body  which held 

responslbility for accepting the Safety Cases of  train and station operators and auditing 

compliance; of mandating Safety Standards; and setting Safety Policies and Plans should  be 

part of Railtrack. 
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The body with this “Directing Mind for Safety” role is the Safety & Standards Directorate 

which operates independently of Railtrack Line. It is the Safety  Standards Department 

within this Directorate which is responsible for the development and publication of 

Railway Group Standards. 

Railway Group Standards are developed-in~accordance withprocesses and procedures 

 which meet  the requirements laid down in Railtrack‘s Network Licence  and  subsidiary 

Standards Code, and Railtrack‘s  Railway  Safety  Case. 

The procedures are certified to  IS09002 and are built on the procedures developed by 

BR utilising Drafting Groups and  Subject Committees. Additional developments t o  

create more democratic arrangements have  been introduced and are encapsulated in 

RGS GNRT 600 I known as “the Change  Procedures”. The salient features  are: the use 

of expertise with wide participation at the drafting stage; expertise with wide 

representation on Subject Committees; elem’ons for membership of Subject 

Committees; flexible arrangements for Standards  revision;  and a dispute resolution 

process. 

As at  I April 1996, the review of the  portfolio  of Standards inherited  from BR  was 

mostly completed. Those not suitable for retention as a Railway Group Standard are in 

the process of being withdrawn and  placed in the public domain o r  being devolved into 

lower level Standards  by the relevant parties of  the Railway Group.  This  review has 

resulted in a portfolio  of around 600  Standards which was one of  the objecu’ves to be 

actained by the initial review. 

~ 

A  further objective was to  reduce the amount of prescription contained in  the Standards 

by adopting a goal setung  approach where th is  is sensibk to do so. Goal setting 

Standards  enables the compliers to  use commercial initiative to determine their  own 

cost-effective methods of achieving the particular performance required. This objective 

was only partially achieved  and is now t he  key driving force behind our  current  reforms 

and is essential if the benefits of privatisation are going to be delivered. 

The challenge now faced with Railway Group Standards is the systematic justification of 

almost all of  the 600 current Standards in the light of over 2 yean pracu’cal experience of 

the new  safety regime and the emerging needs for change by t h e  end-users. 

Such  changes inevitably pose risks but the  new safety regime of a cascaded  Safety  Case 

based  system of safety  management is already demonstrating its ability to  handle  change 

and the understanding and control of its  safety  implicauons. The Railway  (Safety  Case) 

Regulauons provides for legally  “backed” risk based  safety  management which puts 

emphasis on  the  prior accreditation of good safety  arrangements before  a company 

starts co operate o r  implements material changes,  and then demands  compliance with 

the management  processes to whlch the company has committed. 
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The  concept  of “reasonable practicability” embedded in  the UK Health & Safety 

leglslation is now an Important  part of safety dectsion making process. In essence 

providing  the risks on operauon fall withln defined tolerability limits for populations  of 

people  exposed to those rlsks. then  the activities should  be managed in such a way as to 

keep  the safety risks “as low as reasonably practicable”. Thus  ALARP IS a means of 

pragmatic ~.~ decislon maklng that recognlses tha t  the extent to which rlsk controls, or 

safety measures, need to have careful  regard to  the benefits  generated to users of the 

activity and to the financlal vlability of  the operauon. 

~~~~~ ~~ ~ 

. ~~ 

Safety evaluation, using risk analysis, target  risk levels, willingness-to-pay values of 

prevenung  injury and fatality, and cost benefit analysts, from  which can be determined 

objective safety measures for  new or changed actlvlues justified to meet “ALARP” 

requirements is t o  be adopted as an Integral part  of  sening Standards and thelr 

justification. 

The  portfolio of Railway Group Standards are now  in a phase of  further rationalisauon 

such that over  the  next couple of years Railway Group Standards will be aligned to the 

principle  that  they  should define safety performance where it is sensible t o   d o  so and to 

deliver  that safety performance  consistent w ~ t h  ALARP and, in  addition, that  the ongoing 

review  of Railway Group Standards and  programmes for auditing  compliance with 

Railway Group Standards shall be based on safety importance.  These  present a major 

challenge and has already required a  fundamental review of the safety regime, the  roles 

and responsibillues of the key  “players” etc. etc. t o  determine  compatibility  between 

Safety Cases, Railway Group Safety Plan and Railway Group Standards. 

One  outcome  of  this  review is a  proposal for the scope of the Railway Group to be 

redefined. The  new definition  restricts membership to those who have “prime” 

responsibility for  safety on Railtrack‘s controlled  infrastructure - Railtrack which is 

responsible fo r  the  infrastructure  itself and the provision of train paths and those 

responsible for the  operation  of trains and stations. This is consistent with the 

requirements of the Railways  (Safety Case) Regulations and the cascade of safety 

arrangements, i.e. Railtrack has legal power  of  control of Railway Safety  Case holders  but 

no legal power to direct  other parties for example contractors to a Train Operator. 

A  second outcome concerns the “scope” of Railway Group Standards which is proposed 

to be  consistent with  the hits of Railtrack‘s health and safety responsibilities as 

“infrastructure  Controller”.  Therefore,  the scope of Railway Group Standards will now 

cover  only  those activities  whlch  fall within the scope of Railuack‘s, and each indivldual 

operators, Railway Safety Case. 



‘.I - 5 -  

‘ i  

‘i 

I 

1 

I 
I 

hr 
I ’  

Railway Group Standards are legally  mandated through the Railway  Safety  Case  cascade 

and are thus confined M the safety of: 

train movements; 

station operations to the  extent tha t  they affect safe train operations or the safety 

-_peoplcundertaking work on or  about the line, 

on Railtrack Controlled Infrastructure. 

of passengers  using the station; and, 

~~ 

~ ~ 

These “redefinitions” have significant impact both for those still within  the Railway 

Group and also to  those no longer members. Of benefit t o  all are that safety 

responsibilities through the “cascade”  are now  more simple to understand and clarity has 

been  gained on defining  those activities which are within  the scope of Railway Group 

Standards. Many of the previous “grey areas” no longer exist 

Since July all new or revised  Railway Group Standards require justification for  their 

“prescriptiveness” and  also require  a “Safety Justification” a t  the  Terms of Reference 

stage. This is very much a “breaking of new ground” and pilot studies are being 

undertaken to establish “good practise” and provide examples for inclusion in a 

Guidance Document. 

Work  i s  also ongoing to  establish the relative safety importance of each Standard  and its 

relationship with each of  the Railway Group Safety Objectives t o  ultimately  determine 

the effectiveness of the  controls it delwers. In many cases a Standard  actually  addresses 

more than one hazard and more than one  Safety objective, and  can  apply to different 

pam’es.  Again various approaches are being  taken as pilot studies t o  determine the  most 

appropriate methodology for judging  efficacy  and  also outcomes of change.  Results from 

these pilot studies will be presented at the conference. 

In addition to the review of the  content and applicability of Railway Group Standards, the 

Safety  Standards Deparunent has developed a  new IT system t o  S U ~ ~ O K  the 

management of Standards  documentation. 

Previously document  control, project planning,  managing the budget and resource 

allocauon were all undertaken on disparate systems,  some of which  were not owned or  

managed by  Safety  Standards Department This made it very difficult to  control the 

producr.,  and incurred unnecessary  costs in the additional administration required to  

manage t he  business  processes. 

The system has been designed around the IS09002 accredited processes for Standards 

development, but offers all the functionality necessary to  support  the work of  the 

Department 
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This has been achieved by the use of novel technlques to  integrate commercially available 

off the shelf applicatlons to explolt the benefits of a powerful relational database whilst 

minlmising the cost of the  investment In comparlson to developing a bespoke  system. 

The use of wldely used “front  end” applicauons mlnimlses the need  for  user  re-traming. 

The ~ direct ~~~~ cost benefits arlsing from  the  modern IT support make this a worthwhile 

investment  on financlal grounds, but  the  project will dellver many other tanglble benefits 

including enhanced functlonality that was not available with the  older systems. 
~~.. . ~ ~ 

The avallability of this modern IT system to  support  the business will engineer  a cultural 

change in Safety Standards  Department and offer the flexibility of approach to i t s  work 

that will be required In the  future. It also  enables  information and Standards to be  made 

available in a  variety of medla such  as  the  Internet and CD ROM. 

I 
i 

Safety Standards D e p a m e n t  is acutely  aware of the needs of the Railway Group and the 

challenges these pose:  implementation of the above  changes will assist in meeting those 

needs. 
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RISK  MANAGEMENT IN PRACTICE 

A  PUBLIC  HEALTH  APPROACH TO RAIL  RELATED 

INJURY CONTROL 

1 INTRODUCTION 

Although public and prlvate transport-related lnlurles are major causes of death and 
disablllty, the relationship between transportatlon and public health in South Africa has 

received little attention R a i l  travel typifies this sltuation, compounded by SOCIO- 

~~ economic deprivation and  an alarming- increase in a  climate  of violent related crime 
(1 li) 

~ ~~ ~ ~~ ~. 

Apartheid land policy in the  past created vast distances between resldential areas and 
places  of employment  Housing development on the  urban periphery resulted in rall 
transportation  becoming  the  vital  link  between townships and city centres Railway lines 

were soon bordered by informal settlements, and yet  commuter and pedestrian traffic 
control was neglected (Slides of informal settlements at (1) Pienaarsprt  - Pretoria 
Region, (2) Tembisa - WITS  Region, (3) Kwa-MNyanda - Durban Region and (4) 

Khayellthsha - Cape Region) The situation was exacerbated by the  Increased volumes 
of commuters  using  the  township lines, and the  climate  of resistance against the 
Government  in the 1980's was associated  with  mcreasmg train violence and fare evasion. 
(1 i)  Even  High-Tech  measures to curb fare evasion, posed an unacceptable high rlsk to 
injury (Slide 5 - Roller  Project to prevent fare  evaders  from entering or  running away 
from  Stations  without  tickets), and was  abandoned owing  to cost and  risk of injury (2.2) 

The  horrifying result of fare evasion and measures to  curb fare evasion on Tembisa 
Station is also still lying fresh in our memories (3.1) 

The World  Bank  Recognises  a positive relationship between GDP growth and 

infrastructural investment in developing countries. Efficient transportation is imperative 
if  economic growth is to  be  sustained.  One  of the  first infrastructural needs to be 
addressed is the provision  of  an efficient and safe public transport system. Until recently, 
there has been  a paucity of research into  the problem of railway commuter injury,  and 
its effects on the economy, community and individuals still remams unquantified. A 
holishc approach to rail related injury control is therefore needed (1.ii) 

This presentation is based on the first technical report by the Community Health 
Research Group of the Medical Research Council. ISBN 1-874826-39-0 It gives an 
overview of the  Public Health Approach to meet the  challenge of rail commuter safety 
in South Africa 

2 WHY TJXE PUBLIC HEALTH APPROACH ? (BACKGROUND) 

2.1 Prolect Bac ry  Control 

Railway injury was identified as an area  of priority research by the Medical Research 

Council  (h4RC)'s National Trauma Research Programme as far back as 1992, as a result 
of their data showing a  disproportionately high incidence of rail commuter injury in the 
Western Cape. A pilot study was initiated in 1993 by the  MRC and the Departments of 
Forensic  Medicine  and Cormunity Health of  the  University of Cape Town, with the 
intension of identifying areas of future  focus  and  exploring  a framework for an 
integrated intervention based injury control strategy This study was done with full 



support and  co-operation of Cape Metrorail  and constituted a retrospective analysis of 
secondary data sources from  a  study  population of more than 300 000 daily commuters. 
Data  was  collected  from three secondary sources 

* Cape Metrorail, 

* four Western  Cape mortuaries and 

* Groote  Schuur Hospital ~ ~~~~~~~ ~~ - ~ ~.~. ~. ~ ~~ ~ ~~~ 

~~ . . ~ ~- 
~ ~ ~ ~~~ ~~~ .. ~ ~~ 

The  Public Health approach  to  injury  control could  be  defined as  the  treatment of 
injury  as a disease, with associated vectors and risk factors,  providing a 

methodology  for  interventions.  This  demands a scientific approach  to  injury 
prevention, using a broad  array of resources  in medicine, engineering, social 
services and education. 

~~~~ __ . . ~- 
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This PILOT  project will be finalised by  April 1997 and it is hoped that the project will 

culminate in the  implementation of a  sustainable  National Rail Injury Reduction Strategy 
for Metrorail. 

2.2 The Status of Injury Control 

Injury  control has only recently been identifed as a public health priority. In the United 
States, National Health Objectives include the reduction of injuries and violence as a 
disease prevention and health promotion activity (Brown et  al.,  1990). There  is now 
increasing concern about the rate of injury as a contributor to the Global Burden of 
Disease  (GBD). As disease that afF- the young, trauma is the leading killer of South 
Africans below the age of 44 (Bradshaw et al.,  1992). Trauma was responsible for 

approximately  23%  of  all  mortality in the Western Cape and railway fatalities accounted 
for 3% of all trauma deaths (Matzopoulos, 1994). Reduction in mortality rates will not 
be  achieved through hospital  based Curative services,  but  through basic health promotion 
and disease prevention which includes  injury control (Bradshaw et  al., 1992. Sub- 
Saharan Africa with 10% of the worlds  population,  accounted for 20% of GBD  in 1993 
The success in the  control of infectious disease has brought injury to the fore as a public 

health  problem 

2.3 Metrorail’s effect on Public Health 

A study of orthopaedic  morbidity  at  Groote  Schuur  Hospital  revealed  that more than half 
of  all train injuries  (56%) affect those under the age of 30, with a  high  cost of disability 

and  rehabilitation  (Singer  and  Anderson, 1988). An unpublished report by the National 
Research Programme (Nl”) of the  MRC, highlighted the severity of rail related 
incidents,  with  more than 30% of incidents resulting in death (Magie Peden NTRP). A 

mortality surveillance study of Cape Town city mortuaries revealed 103 rail related 
fatalities in 1993 (Matzopoulos, 1994.) The seriousness of the situation cannot be over 
emphasised  considering  the latest statistics (July 1996) relating to injuries and deaths 

d 



3 

CAUSE 1 INJURED 1 KILLED 
~ 

Accident (Thlrd Party) 3 

16 ~ -64 Preventlon of fare  evasion  (Tembisa disaster) 

0 4 Assault on trains (Crime) 

0 24 Assault on stations (Crime) 

I 

~~ 

Fell between train and platform I 1 1  0 1  

Fell  out of trainislipped and fell or dlsembarked 

or embarked whilst the  train was still moving 32 I OI 

Injured on stations I 5 1  0 1  

Injured on trains I 
Level Crossing accident I 

~ ~~~ ~ 

Metro personnel injured 13 

0 6 Robbery  on stations 

0 4 Rape  on  traindstations 

1 0 Murder 

1 0 Metro personnel killed 

0 

~~ 

Robbery  on trains I 14 I 0 1  

Security personnel killedinjured I 4 1  2 1  

Shooting incidents I 2 1  I I  
~ 

Stabbing on stations 

3 1 Thrown off t r am 

19 19 Struck by train 

0 3 Stone throwlng 

0 5 Stabbing on trains 

0 4 

TOTAL 44 211 

Although  crime plays a v q  prominent  role in rail  related deaths and injuries, most 

deaths are related to people crossing the lies unlawfully (Fosseus, 1991; Fourie and 

Mtimkulu, 1993, De Waal et  al., 1994) and  the  same trend is prevailing. 
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The  Government's Reconstruction and  Development Programme (RDP) focuses on the 
need to "redress the  harmful effects of apartheid, encourage and develop delivery 
systems and practices  in line with international norms and standards; promote efficient 
and compassionate delivery of services  and ensure respect for human rights  and 
accountability to  users". It is clear that  this  imposes on transport providers a  duty  to 

ensure the safety of  commuters, and highlights the need for a comprehensive commuter 

safety strategy 

2.4 . --e for SouthAfnca ~ ~ 

~~ ~ ~ 

~~ ~ 
- 

Commuter safety  has  profound legal implications with the possibility of litigation and 
claims for damages  by injured parties There has been an increase in the use of 
epidemiological  evidence  in the United States  in Tort Litigation (Christoffel and Teret, 

1991), in which a  plaintiff  is required to  pay compensation for civil or non-contractual 
wrongs caused to others. The South African equivalent of Tort  Law  is the Law of Delict, 
which deals with  issues other than acts  of  unlawfbl conduct, such as criminal conduct 
and breaches of  contract .__ delict applies to a  breach of duty as imposed by law _ _ _ ' I  In 
the case of railway  injuries, the law would impose upon Metrorail the duty to take all 
reasonable practicable steps to ensure passenger safety. The emergence of a rights culture 
in  South Africa, will empower both the commuter and those who live in the close 
proximity of the railway  lines to demand  safe  travel in a secure environment. Commuter 

safety  is  congruent  with the goal of operational safety (15) 

3. TElE PUBLIC BEAz;TH APPROACH TO INJURY CONTROL 

This approach  provides a framework for  addressing the prevention and control of injury. 
The causes and  risk factors associated with injury may not always be as controllable or 
susceptible to intervention as those of a  "normal" disease. The risk factors are diverse, 
and include the exposure of people to unprotected railway lines  and  unsupervised 
stations, risk taking, inadequate communication channels and warning systems, some old 
and unsafe carriages  and criminal activity. The causes of injury  can often not be 
addressed  directly as they are brought about  by  more  deep-rooted social issues such as 
poverty, alcoholism  and violence and infrastructural decay owing to unsupervised 

urbanisation and overcrowding prevalent in the metropoles 

3.1 Fou r P  hases of Prevention and Control hulementation 

The  four phases  proposed by the M R C  are 

* Define the  problem  (Data  collection  and surveillance). These four phases will 

shortly be  complimented  by a very comprehensive Computer Assisted Risk 
Management System, currently under devopment by Transnet Group Risk 
Management, including modules  such as Incident Reporting and Investigation 

(containing  SCAT  analysis  Systematic Causational Analysis Techniques), Task 
Observation  and  Audits. 

* Identify causes W s k  factor identification) This process  is supported by the 

Metrorail Internal Risk Management Process and Procedures (A simplified 
process to support line management  in the identification of risks  and 
development of interventions to reduce, transfer, terminate or tolerate the risks - 
See Annexure  A) 
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* Develop  and test Interventions (Evaluation and research) 

* Implement Interventions and  Measure Prevenhon Effectiveness (Community 

mtervention and demonstration programmes, training and  public awareness) 

Owing to variorrs jacfors, maznly related rojunding, there  have  been some set backs to 

the programme and intended  interventions to rninmise  the rzsk of injury to rail 
commuters. We will however persist in the e f o ~  to findsustainable solutions in this 
regard ~~ ~ ~~ 

4 CONCLUSION 

Against the background of current studies to investigate the viability of concessioning 
suburban  rail transport in  South Africa, the time has come to depart  from  the unsafe 

practices of the past  and focus on new sustainable strategies to prevent and control rad 
related  injuries  in South Africa. We  are no longer isolated from the rest  of the world 
There can be no compromise on the value of life. We need to bench-mark ourselves 
against International Standards and  invest  in the safe rail commuting future of our 
children  and the hture of rail business in South Africa. We believe we are on the right 
track by adopting a public health approach to commuter safety 

The MRC project team consisted of 

* Dr  Len Lerer, MBCbB, DForMed, BSc(Hons), MMed 

* Richard MaMpoulos, BBusSci (Contract Researcher,  Community Health 

Research Group, Medical Research  Council 

* David Bourne, BSc, BPhil, MSc 

* Dr Rosette Phillips, MBChB, Junior Researcher (Capacity Building) 

* Johanna Letaba Bopape, Junior Researcher (Capacity Building) 
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Synopsis 

Traditionally,  safety  regulations  in  the  railway sector have  been wntten 

from  a very rigd perspective. A consequence  of this was  that  in  many 
cases very  little  focus  was  placed on whether  a  rule  was  practical i.e 
whether it was  reasonable to expect  that I t  was  indeed  followed. This~may 
perhaps  have  been . .~~~ acceptable ~ ~~~ in  the  past  when  railways--were  less 

complicated  systems  than today. However, as an  organisation develops 
towards  a  more  complex structure, the  need to establish  a  well  balanced 
interaction  between  safety  regulations  and  the  system  becomes  more 

evldent This paper descnbes some  consideratlons  that an author  of  safety 
regulations  is  faced with in  a  modem  railway  system,  and  gives  some 
examples  from  the expenences made m Sweden. 

~- 

1. Introduction 

How  can  we  establish  a balance between on the one hand  regulations, and 
on the  other  hand  the  general  level  of  education and technology in order to 
maintain  and  improve  the safety level of the  railway in the  future? What is 
actually  the  role of safety  regulations in a  modem  railway  system? These 
are some  of  the  questions that we, as safety  managers, have to ask 
ourselves 

For  rather  obwous  reasons,  the  ideas  presented are mainly based on 
experience from the  Swedish State Railways. They may  therefore not be 
relevant in every  detail  for another country  with  a  different structure of 
society.  However, despite these  differences,  railways  have  many 

problems in common.  The paper has  therefore been written  with  the aim 
of  sharing  some  experiences that hopefully can be applied  to  a wde  range 
of sltuabons. 

2. Historical Background 

The  railways,  at  least in Europe, were in  most cases budt  by principals 

 om the  military  defence in the nineteenth  century.  Traditionally, safety 
was therefore  simply  a  matter of telling  the  employees  “what  to do”. From 
the  beginning  there  were just a  few  rules  specifically  related  with safety 
e.g. most of the  contents of the first  Swedish d e  book for  railway staff are 
concerned  with  personal  conduct! 
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However, accidents did occur, and as a  result  the authors of  the  safety 
regulations  put in more and  more  detailed  rules  of how to handle  different 
situations.  They tried to  cover  every possible situation, so that  the stafF 
could find  out exactly “what  to do” in every conceivable situation. This 
principle of “telling the  staff  what to do” also served the purpose of 
relieving  the railway company  of  most  of  the  responsibility  when  an 
accident  occurred. ~~ .~ . ~~~ ~ ~ ~. ~ ~~ 

Various technical systems for handling matters of safety were gradually 
introduced.  The main reason for investing  in these new, expensive 
systems was  of course that  the  railways  wanted to increase their total 
productivity,  e.g. the line capacity and the maximum speed. These new 
systems  in  many cases entailed  new solutions and new safety principles. 
Rules on  how to handle this equipment,  and  even more what to do  when 
the equipment failed, were therefore  introduced. However, at the  same 
time and irrespective of this migration towards a  more technology based 
safety system,  the  complexity  of  the  regulations  had increased. This 
development has prevailed for some 150 years,  and we have now reached 
a  level  when  the old fashioned  ‘cookbook’  methods  can no longer be 
expected to  cover every situation.  The  complexity would in this case be of 

a  magnitude where it wouldn’t be reasonable to expect the employee to  be 
fully updated on each individual rule. 

. ~~~~ ~~~~ ~~ .. 
_ _  ~~~ 

~~ 

~~~ .~~ ~ 

Meanwhile the society, including peoples way of  thinking  and  acting, has 
developed.  The general level  of  education  has increased dramatically. 

The way  upon which we  look  at  rules  and  regulations has changed. From 
the very start, children of today are taught to question. They no longer 
simply  accept  a statement; they want to know why. This attitude has of 
course led to considerable changes in the way we have as grown-ups.  At 
least you  want  an explanation why you are expected to do something in a 
specific  way. For an independent  person of today, who is used to be 
entrusted  with making own  decisions,  the  ‘cook-book’  principle  would 
seem very a c u l t  to accept. Such  a  discrepancy between the  safety rules 
and the  general attitude of  the staff therefore entails considerable safety 
risks. The result may well be that  a rule is ignored,  simply because a 
person is  convinced that he  or she can  handle  the situation in  a ‘better’ 
way by merely using ‘common  sense’. 

Traditionally, society has  very much focused the responsibility on the 
employee. In the recent years however,  the  focus has been turned much 
more on  to the employer. If it can be questioned whether it is reasonable 
to expect  that  the rules are indeed  followed,  then it can also be questioned 



whether it is  reasonable to write such  rules. This means  that the railway 
can  no  longer  transfer the responsibility  to  the  employee by just writing 
detailed  (and  complex) rules. 

3. Theory 

In a  situation  as  described, i t~ is  relevant  to^ @itiate a  dialogue  on ~ how . ~~~~~ to 
preserve ~~~ ~~ and  improve safety m the  future. We  have  to  be prepared to 
adapt o k  philosophy  to the inevitable  changes  that  are  taking  place, and 
which no  doubt will continue to affect  the  way in which we operate our 

railways. 

Maybe the  rules  and  regulations  of  today are too  detailed ? If the staff can 
be  given  a  training  more focused on  “understanding  the  system”, then 
perhaps we  can  simplify the system  and  move  away  from  the  principle  of 
“one  rule  for  each  situation”.  Could  it  be that staff with  a better training 
and  understandmg  of  the  “railway process” can acheve a  higher  safety 
standard with less  detailed rules ? Is it perhaps  time to look at rules  and 
regulations  from  a  new perspective ? 

In very  broad term, safety is the result  of  everyone  involved with safety 
matters  handling his or her tasks in a  competent  way. This applies at all 
levels, from  the  bottom layer to the  head  of the organisation.  Competence 
is the  key-word. 

Competence  includes: 

Knowledge - that  you understand a  specific  matter  from  a  theoretical 

Know-how - that you have become skilled in  a task and  understand  your 

Motivation - that  you really want to do  your  part to the best of  your 

point of  mew. 

role in  the  system. 

ability. 

Competence  is  created when well motivated  people  are  given  relevant, 
professional  and  well balanced training. 

To be  really  competent, the staE has to understand  how the system - 
technology as well as organisation - works.  They  have  to  understand  why 

and  in  which  way  the  technical systems can  fail,  the risks associated with 
such  cases of  irregularity,  and  how to handle  the  situation  then.  You  can 
facilitate this understanding  of  the  system  by s i m p w g  the  technical 
installations  and  making them as user-fiiendly as possible. 
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Experience  shows  that  a  higher  level  of  education  and  training,  combined 
with  a  wider  responsibility, will result  in staff that will take a greater 
interest in  their jobs. Not only will  this result in  a safer railway,  but  we 
will  also  get  more active personnel, taking responsibility  for  their own 
sltuation  and, in the longer term,  for the railway organisation as a  whole. 
The  more  people know- about^ the  generalprinciples that gove.m_tbe~ 

the  right  decision,  even in cases under  heavy stress. It is also quite 
obvious  that  someone who understands  not only the rule,  but also the 
principles,  is  more  likely to react to errors andor potential  safety  hazards, 
thus  giving  a better protection against  hidden faults or  incorrect actions by 
other staff. 

operatioa ~~ of  their railw-ay,~ the  higher ~ the ~~~ ._. probability ~~ that they  will  make 

There is definitely an increasing number of people involved with railway 
safety in  Sweden  who would support the idea that the future must be based 
on  simpler  rules  and  a higher understanding  of  training. 

4. Proposed Solution 

At first we have to be prepared to accept that it will take several years to 
make any  significant changes. It is not just a question of writing  new 
rules;  it  is  a  question of attitude. It is therefore probably right to say that it 
is  a  continuous process without  a  definite end. 

Training: 

It is necessary to start with the  training.  Simplifvlng the rules without 
having  prepared  the staff for  the  change  could be a  very  dangerous 
experiment  indeed. 

The  ultimate  goal  of  the training is to give the staff the  know-how  about: 

how the  system works (technology as well as operation) 

how to analyse  a situation 

how to  manage situations when  faults occur in the system 

The  purpose of training is  to give  the  employee the means  by  which  he  can 
take responsibility  for his job, and  by doing so  also install a considerable 
portion of self  -confidence. 

In Sweden, we have  a good start in  our culture. Some  of  the staff e.g. the 
conductors, are already used  to taking responsibility  for passenger 

’. 



services. In the last decade, they  have  been  given  a  greater  freedom to act 
in the  different situations that  occur.  Another  example 1s the t r a c -  
controllers, who are used to taking decisions and to accepting this 
responsibility all the  time.  The experience clearly  mdicates  that wth a 

portion of freedom to manoeuvre, people will also take on more 
responsibility. 

Selecting personnek 

The  railway  needs  people wth great interest in ther  jobs and a high 
capacity  for  thmking and making decisions. The selection  process is 
therefore of  great importance. However, the  first  requuement  for  a 
successful  selection process is that  the  demand is greater  than  the  need. In 
other  words;  we have to  establish  a  situation  where  working  for the 
radways IS considered as something desirable; not only as a  secure 
position with a  government  controlled entity, but  something  interestmg 
wth  a high  status level. 

~ ~~ ~~ 

The  Swedish  State Railways have  become  much  more  popular  over  the 
last ten  years.  with the introduction  of our new high speed tilting  train 

semces. Considerable funds have also been  made  available  to  the 
National Railway  Administration  (Banverket)  for track renewal  and 
upgrades to  the railway network. A similar pattern  has  been  followed  for 
other  parts of  the  infrastructure.  One  example, is the stations, where  we 
can  now  see  the results of a  major  modernisation  program. Of course all 
these different aspects have  given a  much  more  favourable  picture of the 
railways and their role in society. In this respect, the  situation must 
therefore be considered  satisfactory. 

Other  factors  related to training  include the use of modem  systems  for 
selecting people  with the right  capabilities. This is of course rather  basic 

and 1s used  extensively by many railways. Even so, I t  is mportant to 
carefully  monitor the progress of  the students, in order  to  secure  that,  at 
the  end  of  the  training  period,  they  meet the requirements and are  capable 
of  performing  their functions in  the  system. 

Regulations: 

Considering  safety as a  matter of competence, the objective of the  safety 

regulations  is then to prowde the staffwith a  framework  within  which  they 
are allowed to act in order to handle  a situation so that midents  andor 
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accidents do not occur. Regulations that do not fill these basic 
requirements have  very  little,  if  any, justification. 

This means that  it will be necessary to develop a new set of rules along 
more  “frame-work” orientated principles i.e. to provide  our stafF with  a 
limited base of comparatively  simple rules, but  not  necessarily  attempt to 
regulate  every  detail  of  every  possible sitwation the- author~codd._t_hink~  of at 
the time of writing. This must then be  ~folbwed by a  training  program 
focusing on principles  and  guide-lines for the odd situations  that occur 
very seldom. 

. __~k_. __ ~~ ~~~~ 

One way of developing the regulations into a modem rule-book, is to start 
with targeting the  regulations  in  one specific field. A considerable  amount 
of  work  must  then  be used to create guide-lines. Before the new 
regulations  are  installed, the staff must be given  specific  tuition  in the 
areas concerned. 

In this process, it  may  well be that in some cases  we have to move the 
responsibility from  one category of staff to another. One  example is the 
procedure for passing  a signal at danger. Pending the circumstances, this 
can in the current  system be done in several ways. In some cases the 
driver is allowed to take the  decision  himself, whereas in other cases he or 
she has to revert to traffic control following strictly formalised procedures. 
Perhaps the solution to the  problem  is to sirnpllfy the rule so that the  driver 
always call traf3c control  to  receive detailed instructions. This would be a 
reasonable way  of  handling the matter as the traffic controllers already 
from their basic  training have a  very high degree of  understanding  of the 
signalling  system  and potential hazards. 

Once the first step  has  been  completed,  the process can  then  continue  with 
other areas. It is a  step-by-step process. However, it is of course very 
important that each  of these steps is carefully evaluated before  the next 
step is take. It  is therefore  necessary to monitor the whole process such 
that experience accumulated can be  used  in  the subsequent stages. 

Technology: 

Everyone would  no  doubt agree that the technical solutions we employ 
must be safe. However,  no  system of device is inherently  safe; it is “safe” 
only  if it is handled  within the limitations it was designed for. Some of 
these limitations are simple to quantify,  e.g. temperature range etc. Other 
limitations are related  with the actual operation of  the  system,  and are 



therefore  much  more  complex to specify. The  greater  degree of 
complexity,  the  greater  is  the  need for makmg  the  systems  user-fiiendly 
and  standardised.  Standardisation 1s in itself  a  simpldication in that it 
reduces the  number  of  alternatives,  and  thereby  the  amount  of  information 
to be  acquired  and  remembered by the staff. 

Another  very  important  factor  is that the  systems we use must be well 
adapted for the tasks they  are intended to  perform. This may  seem  quite 
unnecessary to point out, but examples  of cases where this is not  true are 
not  uncommon. It goes  without saying that such discrepancies  between 
technology  and  functionality  lead to fiustrahon and  may  result  in non- 
standard “home-made’’  procedures,  “short-cuts’’  or other safety  problems. 

~~~~~~ ~~ ~ ~~~ ~ ~~ ~ 

5. Conclusion 

Many  railway systems, including that of  the  Swedish State Railways,  have 
now  reached  such  levels  of  complexity  that  it is getting  increasingly 
difficult to maintain  a  system based on “detailed  instructions  for  every 
conceivable situabon”. Meanwhile, the general  level of education has 
increased, so that people  nowadays are prepared to,  and  indeed  capable  of, 
taking much greater responsibility for their own actions.  These two 
factors mean that the  old-styled safety regulations - the  instruction  book, 
must  be  questioned. 

In a  modem  railway,  the  safety  philosophy  must  be adaptable to the  users. 
We believe that this means  to provide a  good training based on “frame- 
work  regulations”;  including  guide-lines  for  odd  situations,  and  selecting 
the  best  qualified  people  for  each task. This is the key to establishing the 

competence needed for maintaining and  improving  the  level  of  safety. 
With  well  motivated  employees, given a  defined  amount  of  freedom to 
think and decide for  themselves how to manage  the  situation,  the  railway 
paves  the way for a  better  and  safer future in  a  time  of  change. 
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Since the establishment of a  Metrorail Division in Spoomet on 1 January  1994 the 

question arose as to the procedures that must be followed after an accidentlincident 
occurs.  All  Rail  Operators in  the  Republic of South Africa are subjected  to the 

Occupational Health and  Safety  Act  (Act 85 of 1993). The emphasis of this Act lies 
on  the responsibility of the  employer to ensure the health  and  safety of his employees 

as far as it  is reasonably, possible. A set of regulations for Railway Operators was 
drafted  and promulgated compelling  all  Railway Operators to have safety procedures 

in  place. To comply  with  legislation, the current procedures during a  major 
accidenthncident were scrutinised. 

2 Introduction 

Historically  every incident was investigated and a formal accident  report  was 
compiled  which included conclusions  and recommendations regarding corrective 

measures. 

After the Mariannhill train  accident  in March 1994,  a major change in the approach of 
handling accidentshcidents came  into practice. External stakeholders such as 
political and community groupings  became involved in the follow-up process and as a 
result Spoomet and the asset  owner (the South African Rail Commuter Corporation, 
SARCC)  revisited the management  process that occurs after an incident has taken 
place. The insurers of the SARCC's assets have specific requirements as to how 

accidentshncidents should be handled in as far as it involves claims and other 
insurance related matters. Each  incident needs to be  treated within the ambit of a 

general framework, but on an  individual  ad hoc basis. There is a fine balance between 
the absolute necessity  of  the  company to investigate an accident, ascertain what has 
transpired  and decide what  remedial steps are necessary, the element and desirability 
for transparency on the one  hand  and the necessity to keep one's affairs confidential 
and  protect the rights and interests of Transnet/ Spoometf Metrorail/ SARCC and their 

underwriters  on the other. 

3. Tribunal  and  other Actions bv Chief Executive  Officer 

The Chief Executive Officer  or the Regionmetro Manager depending on the 
seriousness of the incidentlaccident appoints a  Tribunal. The functions of the 

Tribunal will be  to seek  legal advice regarding the Company and its employees 
position. Furthermore the  tribunal co-ordinates and manage the process in an 
advisory  capacity and liaises  with the relevant Stakeholders i.e. Parliamentarians and 
community leaders. The Tribunal will be formed by all the Line Functionaries andor 

Support Functions i.e. Risk Management, Legal Services,  Human Resources andor 
Loss Adjusters. 

1 



Depending  on  the  extent  of the accidenthcident or likely consequences thereof, the Chief 

Executive of Spoomet andlor Metrorail or Regional and/or Metro Manager  will  appoint  an 
investigation Team  or  Board of Inquiry, to  obtain legal advice for  the  company  at an early 
stage. The internal legal adviser of Transnet/Spoomet/Metro is to be involved  and hekhe 
must decide to what  extent  it is necessary to involve the company's  attorneys. 

4. 

4.1 

On receipt  of  the report from  the  Investigation  Team the Chief Executive  or 

Regionalhletro Manager  will mange for a brief to: 

3.1 Transnet attorneys. 

3.2  Department  of  Labour. 
3  3  The  Controlling  Officeris of employees  suspected of having contravened 

3.4  Line functions in  respect  of  remedial action required in regard  to  maintenance 
Company  Rules  or  Practices  and  of the disciplinary  steps desired. 

or  operational practices. 

Investigation Team/s 

Attentlon i s  directed to the following  extract from recent legal  comments: 

4.2 "The leader  of the Investigation TedChairman of the Board must consult 
with the Legal  member of this team or with the Legal Advisor to reach 
consensus on the information  required by Insurance Brokers, Underwriters and 

the Company's Attorneys and  thereafter  inform the Site Co-ordinator of: 

4.2.1 the information to be accumulated, 

4.2.2  employees to be  assigned to investigate specific aspects and/or to 
examine Rolling Stock,  survey the track  features,  etc. 

4.2.3 photographs and  videos  that maylmust be taken. 

4.2.4  whether photographs and  videos in particular, are to  be  legally  proofed. 

4.2.5 the teams intentions in connection  with  a  visit  to  the site. 

4.2.6 restrictions in respect  of  clearance  operations. 

4.3 Employees collating informatiodevidence OT witnesses must be told at the 
enquiry  that the team investigates the cause of the accident in order that the 

legal  position of the Company  can be determined and that statements are 
absolutely  privileged." 
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5. Enauiries 
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Preferably an  enquiry  should  not be delayed  until after court proceedings i.e. criminal 
proceedings, unless there is  insufficient information to proceed. However, the rights 
of an accused  in terms of the Constitution will have to  be carefully taken in 
consideration in  each instance on an  ad hoc bass. The brokerslundenniterslomeys 

may advise against the continuance of disciplinary enquiries if the conclusion thereof 
is not likely to be privileged, or could  have  a  bearing on civil liability. 

5.1 Departmental EnquirieslInvestigations 

Departmental Enquiries are arranged to collate information necessary to 
establish the cause of an accident and thereby determine 

5.1.1 the Company's  legal  position 

5.1.2  remedial  or  other  action  required 

If the Investigation Team/Board comprises of experienced line function 
Managers to cover all the relevant technical aspects it will only be 
necessary to call  expert witnesses and it will not be necessary to 
extensively use  witnesses to officially present the evidence to  the 
teamhoard. e.g.  if  a  member of the board witnessed the gauging of tyre 
profiles or, did it personally, the information so obtained can be used 
by the teamhoard without calling a qualified witness to present the 

evidence. 

N.B. No finding is to  be recorded or conclusion reached 

5.2 Disciplinary Enquiry 

If  a controlling officer  is  directed to take disciplinary action the current 
Company instructions apply  and if  it leads to a disciplinary enquiry it will then 
be necessary to present all  evidence officially. 

5.3 Department of Labour Enquiries 

In the case of the Department of Labour enquiry, the procedure will be for 
witnesses to be called to present evidence to the Board of Enquiry. It is the 
responsibility and the prerogative of the Chairman of the Board to decide 

which  evidence is to be  used  and how the evidence is to be presented. Where 
applicable, the annexure 1 forms are to be compiled and submitted in 
accordance  with the current  regulations. 
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8. 

5.4 Court Cases 

Independent  from the Department of Labour the South  African  Police  Service 
will  also investigate certain  incidents,  particularly if people are killed  or 
seriously injured or if  crime 1s suspected.  From  information  submitted  to the 

Attorney  General by either  the  SAPS  investigating Officer or the Department 
of  Labour the Attorney  General  may  decide  to prosecute Transnet as a  legal 
person  or its employees. In this instance evidence  will also be submitted to the 

court by witnesses. 

Admission of Liability 

At  no  stage  must  any  employee  admit any personal  liability  of any nature on  the  part 
of Transnet/SARCC, save as has  been  specifically  authorised by the Chief  Legal 

Advisor  of  Transnet. 

Statementsflncidents ReDorts Privileged 

Unless otherwise directed by the Chief Legal Adviser  all statements taken, 

information  obtained and all reports  compiled  should be  marked as follows: 

"This document is privileged  and is compiled  for the purposes of obtaining 
legal advice from Transnet  Limited's  attorneys  and  for the purposes of possible 
litigation" 

The reports are to be submitted to the  Chief  Executive  or  RegionaUMetro  Manager 
who requested the enquiry. 

The Chairman  of the Boardleader of the team  must  ensure that all documentation is 
included in the report  and  that all copies  and  unused  material are destroyed and the 
information on the PC used  for the preparation  of the report is  also cleared. 

Press Releases 

8.1 The RegionalMetro Manager is responsible  for  Press releases and  for the 
correct information to be furnished  to  Corporate Offices and  will  decide 

whether Press 1iasonlPROs will man the site offices and  regional  office 
respectively.  It is imperative that the Site Co-ordinator be advised of the 
arrangement  and that steps be taken to  protect the Site Co-ordinator  from 

harassment. 
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8.2 

8.3 

8.4 

The  following  information can be  released unconditionally: 

- Arrangements for alternative transport for passengers 

- Details of hospitals where  the  injured were taken as well 

as other  medical care arrangements. 

- Details  of  the expected time of re-opening the line and normalising 

of the train service. 

Information regarding the  causes of the accident or payment in respect of 

injuries,  etc.  must first be cleared  with the legal advisor to ensure that 
TransnetMetroraillSpoornet is  not admitting guilt. 

PRESS STATEMENT 

On .......... the following happened: 

This has resulted in ........ 

The incident is under  investigation  by Transnet Limited (or Metro or Spoomet, 
as the case may be) and brokers  and underwriters. 

Further information will be made available by the company when such 
investigations are completed. 

9. Call-out Procedure 

In the event of an accidedincident all the relevant parties must be informed as soon 

as possible. 

9.1 Selected Managers are to be appointed as accidenthcident Site Co-ordinators 
to take control of accidenthcident scenes. As is the case with lie function 
management, Site Co-ordinators  will also have to be  on  stand-by in different 
areas to cover accidentshncidents of various extent. The responsibility and the 
authority of a Site Co-ordinator  is discussed further on. 

9.2 In cases where  more than one operations room is functioning and also where 
decentralised call-out systems are used  e.g.  break-down depots a report back 
system should be introduced to the main operations office to enable the Site 
Co-ordinator to keep track of emergency operations. 
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IO. t of a Site Co-ordinator 

10.1 As mentioned  earlier I t  is considered  necessary  that  selected  Managers be 
nominated as Site  Co-ordinators  to  function  at the scenes of  train accidents 
and that these  officers be trained  to  manage disaster sites. 

10.2 As a general  directwe it is  recommended  that accidentdincidents be classified 
in the following categories viz 

10.2.1 Disasters - loss of lives and/or serious  damage to 
assets (further guidelines  see  attached 
annexure) 

10.2.2  Accidents - ten  or  less vehicles derailed  or  minor 
damage  to property 

10.3 Trainino 

10.3.1 Background 

It is  imperative  that a Site  Co-ordinator has a good  understanding  of 
rail operations and should  preferably be from Operations/Train 
Services,  Rolling Stock or  Infrastructure  Departments,  obviously with 
experience of train  accidents. He should also be trained to legally 

proof  evidence  like  visual  material  and how to obtain  legal advice for 
the Company. 

10.3.2 Legal Knowledge 

In order  to  be able to  handle  the various aspects  and activities 
encountered  at accident scenes knowledge of common  law as well as 
specific acts  and/or  company  policies are essential. Arrangements will 
be  made  for  suitable  workshops  for  would  be Site co-ordinators once 
the concept  has  been  accepted  and  managers  identified. 

10.3.3 Emergency  operations 

Although it  is  not the intention  that a Site Co-ordinator be qualified in 
the field  of  emergency  operations it is imperative  that Site 
Co-ordinators be acquainted with the various emergency  services likely 

to be encountered  at the scene  and it would  be  of  mutual  benefit 
if Site co-ordinators are included  in  local/regional  disaster plan 
meetings and  programmes. 
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10.4 As mentioned  earlier  it  is  necessary  that Site Co-ordinators be on stand-by on 
call-out lists  and  be  called  out  at  an  early stage. From  their slde the 

Co-ordinators on stand-by must ensure that  they are within  reach at all times. 

11. The role of the Site Co-ordinator 

11.1 

11.2 

11.3 

The prime  function of the Site Co-ordinator is to co-ordinate the medical, 
emergency  and  clearance  operations  and to enable investigating teams e.g. 
Department of Labour.  Enquiry Boards etc. to collate  all the relevant 
information  and, to furnish information to Public Relation Officers and Top 

Management  for their information  and  for release to the press 

From the moment he is advised of an  accident the Site Co-ordinator assumes 
responsibility and shall therefore  immediately  proceed to the site. (To enable 
the Site Co-ordinator to fulfil this function effectively it is essential that 

adequate communication facilities be made available to him.) 

On arrival at the scene the Site Co-ordmtor must attend to the 
following functions, in the  order of priority  dictated by the local 

circumstances. 

1 1.3.1 Establish site operations room with adequate communication. 

11.3.2  Survey scene to verify the adequacy of emergency,  medical and 
break-down  teams  and to determine the status of the operations 
already in force. 

1 1.3.3 Arrange  for  additional or other assistance 

11.3.4 Verify  security arrangements andor arrange for the demarcation of the 
site,  access control, personal safety of all emergency teams and 
parkinghoad traffic  control. Ensure that the prescribed identification 

and  protection  clothes m d  hats) are issued to persons  permitted on 

site. 

11.3.5  Suitably  identify  emergency  and  other oficials permitted on the site  to 
enable the S A P S  and/or security  teams to exercise access  control 

11.3.6  Arrange  and Chair regular site meetings to plan  and programme 
operations. A person must be assigned to keep minutes of these 
meeting  in sequence of  the development of activities.  All actions and 

decisions taken together with reasons should be documented. 

11.3.7 Contact  Department  of  Labour Inspector responsible for the 
investigation  and  inform him timeously  of disturbances of  the scene for 
emergency operations 
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1 1.3.8  Establish contact with  the  departmental  Board  of  Inquiry  in  connection 
with  the collation of  information 

11 3.9 Manage  the site and  operations  to the best  benefit  of the Company, 

Customers, Community and Stake Holders. 

11.3.10  Ensure  that the companies  Chief  Legal  Advisor  (and attorneys if 

relevant) Loss adjusters and brokers  have  been  contacted by Spoornet 
and  Metrorail  Head  Office. 

11 3.1 1 Commu~ty leaders should  be  informed to facilitate the handling and 
the management  of the accidentiincident  to  the best  benefit to the 
Company,  Customers,  Community  and Stake Holder. 

11.4 The Site  Co-ordinator remains in  office until the site is  returned to the line 
function  management for normal  Train  Operations.  (To be done officially). 

12. Breakdown Teams 

12.1  Break-down  teams are called out either by the Train servicedoperating 
offices or their  departmental  operational offices as per  prior  arrangements 

12.2 On arrival  at the site, the break-down teams/staEwill not  commence  with 

clearance  operations without prior permission of the Site Co-ordinator  and the 
issue of suitable access  identification. 

12.3 SafetyProtection operations such as earthing and/or removal of high Voltage 
lines,  bird-caging of unstable vehicles  etc. must obviously  not  be delayed but 
undertaken  expeditiously  at  the  discretion of the responsible officials. 

13. Conclusion 

In any  event  when  clear-up operations must  be performed and  investigations  held it is 
of utmost  importance  to ensure that everybody  involved must know  what is expected 

of  them. 
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Spoornet operating safety, in keeping with international aims, also aspires to the position of “the 
safest railway in the world”.  To achieve this, a well motivated staff, whose second nature is to 

always work safely, needs an up-to-date set  of brief, yet relevant, Train Working Rules to govern I \ all train movements. Using Principles of  Safe Movement on Rail, developed by it’s own staff, 
Spoornet has set out to generate such rules. This paper reveals some  of the methods and progress 
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&-wrltmrJ Tra in Workinp Rules from F U  
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Introduction 

The Train Working  Rules of Spoornet have existed, in one  form or another, since railways in 

South Africa began to run on a more or less organised basis, Such development is probably true 

of  most railways in  the world. The South African version was  first  drawn  up for, what was then, 

the  South Afiican  Railways (SAR) and  Harbours Administration. They were known as  the Train 
Working Regulations and required Parliament’s approval for their introduction. Every new 
regulation or amendment that was introduced required the same statutory approval  and the 
process was both cumbersome  and  drawn  out. Amendments to both the old Regulations and the 
“ 
new”  Rules usually had one of the following reactive origins: 

Changing clients’ needs 

Altered or new technologies 
Varying traffic patterns 
Results of the findings of boards of enquiry  into train incidents. 

Inevitably, deregulation was recognised as the best way to streamline the maintenance of these 
regulations for running the S A R  safely. Finally, in June 1978, the Train Working Regulations 

were no more, having been replaced by  the  Train Working Rules. (TWR) These no longer needed 
Parliament’s approval. 

Did this reactive process really  yield the best method of developing the most applicable forms of 

the train working guidelines? 

Not really. Because of the large number of rules, inconsistencies and contradictions began to 

creep in and rules covering obsolete systems and technologies remained unneccessarily in the 
TWR. 

Avenues to the Solution 

At present there appear to be at least three possible avenues for solving the difticulties facing 

Spoornet operating safety. 

One is purely reactive and the other two are.  to lesser- and greater degree respectively, proactive. 

(See Figure 1) 

The reactive method is  to follow the historical path in which the ru les evolve from day-to-day 
experiences. 

The second way  is to  embark on the method of re-writing and rationalising the existing rules. It 
carries with it the risk of merely prolonging the existence of contradictions, anomalies and gross 
errors that do exist in  the roughly 252 Train Working Rules thar are in  force today. 
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A third  method  is  the road of determining the guiding principles which will yield all-inclusive 
and, it  is hoped, simplified rules. Without prescriptive restrictions, this should allow staff to 

carry out their duties safely, effectively and efficiently whilst the company remains highly 
competitive with  the other forms  of transpon that  wait  to rob Spoornet of it's business. Top 

management decided on thls  third approach and, consequently, the Safe Rail management 

Systems Committee (SRMSC) came into existence during August 1994. 

The SRMSC set out to develop the Principles for  Safe Movement on Rail. Initial acceptance of ' ' these principles by top  management  has led to their being renamed the Principles of Safe 
Movement on Rail (POSMOR). A paper on the development of POSMOR was  read at the 1995 
International Safety Conference in Maim, Germany by the chairman of the SRMSC, Mr F Q 

Callard. 

The POSMOR were exposed to the railway safety fraternity worldwide in a number of 

international railway magazines and their validation was requested. An overwhelming and 

favourable response has been of  great encouragement to the SRMSC although none have 
validated the POSMOR so far. Conditions were then ripe for  the next phase  of the process to be 

initiated. 

Method Chosen 

' I  ' 

IJ It was decided  to follow the path shown in Fig. 2 to develop the new train working rules. Early 

in the process the lack of suitably experienced manpower was recognised by the SRMSC as one 
needing special attention. Arrangements were made to choose contractors from retired staff with 
the necessary experience and ultimately, eight men were selected. Most of these men had been 
involved in drawing up the existing regulations. They were placed under the consultant who had 

been retained as a  member  of the SRMSC because of his previous service as Assistant General 
Manager - Regulations. 

The document hierarchy for the train operating environment is  shown  in Fig. 3 and 4. The 

POSMOR). 

li Two different groups of Codes of Conduct develop out of the POSMOR namely the Generic 

Codes  of Conduct and Specific Codes of Conduct . Fig. 4  shows  the four different safety 

ii modules which in turn each have their own Codes  of Conduct in  the form of chapters. 

1 
-a 

1 
1 working environment i.e. The new Train Working Rules (TWR). 
3 

The train operating environment is  presently governed by the latest Train Working Rules (TWR), I the General Appendix No.5 and individual Local Appendices for each of the ten regions into 

POSMOR constitute the company's policy regarding train operations. (See attached copy of 

The chapters will deal with different aspects of each module 

Before the codes of conduct can  be applied to lead in their turn to the Codes of Procedures in the 
Train operating environment, Guidelines will need to be formulated.. These guidelines will help 

to interpret the codes of conduct to yield, on the one hand, Training Documents and, on the  other 
. hand, the sought after detailed Work Safe Procedures (WSP),  Rules and Instructions for the 

' which Spoornet has been divided. 



As part of the  validation process, it  was decided to give  the  contractors  experience In applying the 

POSMOR. The existing TWR have  grown into a relative  monster which mixed  everything from 
prlnciples, codes of  conduct (for various technical disciplines) to rules and  instructions  very 
specific to certain train control equipment not to mention  the use of obsolete signaling and train 

control systems. As a first pass the contractors have  removed all reference to  such obsolete 
equipment and methods. 

The second stage called for them to sort the TWR into  correct  document  hierarchy, as indicated in 
Fig.. 3. During this stage  each  aspect  was tested against the POSMOR. 

Definitions of  terms have required  special attention although  every effort is  being  made  to use the 

definitions in the Oxford Dictionary wherever possible. 

, Packaging the new  documentation  is  vital and it has been  decided  to use the IS0 9000 format to 

manage the preparation of the re-written TWR and the speedy  and reliable up-dating  of the issued 
documents. This has  proved  extremely difficult in the past  and  has led to a number of operating 
incidents which should not have  occurred if the latest rules had been available to the s t a f f  

concerned. 

CONCLUSION 

Much work remains to be done and there is an increasing urgency to get the new rules 

implemented as quickly as possible  but this will require a paradigm shift throughout the 
Operating- and associated fields to make the transition a success.  Already certain of the 
Infrastructure divisions have embarked on the task  of  teaching the new principles and an 
optimism exists. 

I wish to thank my colleagues of the SRMSC for their input, encouragement and support in 
preparing th is  paper and the management of Spoornet for  allowing me to present t h i s  paper. 

Author : Bernard D Thiel 

B.Sc  Eng. (Electrical) 

Senior Engineer (Infrastructure) (Signals) 
Spoornet, SOUTH AFRICA 

Tel : t27117733038 
Fax : +2711 773 3533 

Presenter: Bernard D Thiel 
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w NANCE 

GENERATED IN 1994 

WILL  LEAD  TO  DEVELOPMENT OF 

t 
GENERIC CODES OF C0M)UCT 

I IN THE FORM OF MODULES + 
THESE IN TURN YIELD 

I 

SPECIFIC CODES 

AS  CHAPTERS OF THE RELEVANT 
MODULES.  THESE TOGETHER WITH 

1 GENERATE:- 

CONTI- 

TESTING 

w DOCUMENTS 

*CODES OF PROCEDURE 

CONSTITUTED BY 
WORK SAFE PROCEDURES, 

RULES AND INSTRUCTIONS 



DOCUMENT HIERARCHY - TRAIN OPEFUTI~G ENVIRONMENT 

Policies (e.g plastic card) 

Codes of Conduct 

Codes of Procedures 

Working Instructions 
(can include job card and works 
orders) 

Local  Instructions 

/ 

Definition  of pnnciples 
Excludes  technology 

Not  time  bound 

A ruling  document 

To be used by all in the design/writing oi 

No technology 

Not time  bound 

manuals, instructions, etc. 

B Technology  inclusive 

B Long term  time kame 

Works procedures - general 

m Technology specific application 

Works procedures - specific 

b Short term time kame 

Absorb modifications 
b Research and development procedures 

b Technology specdic - geographically 

1 Apply works instructions locally 
bound 

Absorb local differences 

Traming manual includes all  above 

FIG. 3 
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1. PRINCIPLES  FOR  SAFE  MOVEMENT ON R4IL 

1.1 PRINCIPLES APPLICABLE T O  TRAIN AND  SHUNTING MOVEMENTS 

1.1.1 Before moving 

the  track  must be defmed 

the  defined track must  be clear 

issue/obtain authority 

1.1.2 Whilst moving 

adhere to speed instructions 

adhere to trackside and  other indicators 

1.1.3 Stop 

at limit  of  movement 

when  and where scheduled 

1.1.4 Whilst stationary 

1.2 

1.3 

1.4 

1.5 

~ 

stand clear (not foul) 

be secured (against movement) 

be protected 

AUTHORITY 

shall  be issued and accepted only by licensed persons 

shall have one meaning only 

shall not allow conflicting  (following or opposing) movements 

holds  good  until executed or surrenderedwithdrawn 

COMMON TO MOVEMENT 

rolling stock must be serviceworthy 

infrastructure must be trainworthy 

authority  to be issued, accepted and handshaken 

know location, extent  and  limitation 

consider feasibility of execution 

have  continual  communication 

COMMON T o  PERSONAL BEHAVIOUR 

be fit for duty 

be alert, vigilant  and assess surroundings 

responsibility cannot be shared 

COMMON To ABNORMAL CONDITIONS 

have a hierarchy of  fall-back procedures 
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1. The New Structure of the Railways of Great Britain 

1.1 The  rail industry in  Great  Britain has undergone  a penod of  rapid  and 
sigdicant change.  Services  which  for  more  than  forty  years  had  been 
provided by a  single,  vertically-integrated  corporation  (British  Rail) are 
now  being  supplied jointly by more than  one  hundred  units,  and  are in the 
process of being  transferred to the private  sector. 

1.2 The  most rahcal change in the new structure was the  separation,  from 
1  April 1994, of inhtructure provision  and  management, from train 
operations.  A  new  company  (Railtrack),  now  privatised, owns and 
manages  the  vast  majority  of track, signalling and other  operational 
infrastructure  of  Britain’s  railways.  Over  thuty separate companies  have 
been  created to operate  passenger  and  freight  services,  each  of which must 
pay  Railtrack  for  use  of track, signalling and traction  current. 

1.3 Train operators obtain access agreements,  which  give  them  permission 
to use  the infktructure and set out  the  terms  and  condition of access :- 

from Railtrack, for  use of track,  signalling  and  traction  current 
and 

from  Railtrack or other operators,  for access to any  of their 
stations or  light  maintenance  depots. 

1.4 British Rail’s freight  business has been  reorganised  into  a  number of 
separate freight  operating  companies, each with  its own rolling  stock :- 

Three  Trainload  Freight  companies, which transport  bulk 
commodities  such as coal and  steel,  and  have  been  sold as a 
single  entity 

Freightliner,  which is a domestic container  freight  business,  and 
has been sold to a  management  buyout  team 

Rail Express Systems, which mainly  carries Post Office mail, and 
has been sold to the  Trainload  Freight purchaser and 

Channel  Tunnel  freight services, which are being  operated by 
British Rail’s Railfreight  Distribution  division  during  their start- 

up phase, pending  sale in 1997. 
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1.5 In additlon,  two  other  freight  train operators have  entered  the  market to 
handle  own-account  traffic,  in  competition with the  established  freight 
companies. 

1.6 Since 1995 private sector companies,  and  management  and  employee 
buyout teams, have  been  invited  to bid to run domestic passenger semces 
on a franchised basis. This process is being administered,  and the 
resulting services monitored,,  by  the Franchising Director, who  while also 
provide subsidies where franchises attract negative bids  (the  normal 
situation).  British Rail’s constituent train operating  units were 
restructured to become  25  train operating companies (TOC’s) which  form 
the  basis  of the franchises. To date,  nine franchises have  been awarded. 
Other  than 14 major stations operated directly by Railtrack,  every other 
Railtrack-owned  station is leased to one of the TOC’s,  usually that 
providing the sole or main passenger service thereat. 

1.7 The  TOC’s  do not own their own rolling stock. Three  specialist 
companies, all now in the private sector, own and lease out  locomotives, 
coaches  and  multiple  unit trains, and are responsible for  their major 
maintenance and repair. 

1.8 International passenger services via the Channel  Tunnel are run by  a 
separate company,  in  conjunction  with French and Belgian  partners. This 
company has been sold to the  consortium responsible for  building the 
projected  high speed railway between  London and the Channel  Tunnel. 

1.9 Maintenance, renewal and  modernisation of Railtrack’s infrastructure 
is in the  hands  of 13 companies  formed  from British Rail’s  engineering 
arms, supplemented by several  other private sector contractors. All these 
ex-British Rail companies,  and  most  of the associated design and technical 
service  consultancies,  have  been  privatised. 

2. Why The Safety Regime was Chosen 

2.1 The  potential risks of  operating on a railway are such that any new 
organisation  should  not start operations  unless  it has, and  can  demonstrate 
that  it has, an adequate safety management system, together with  sound 
operating  and  technical standards. Existing railway rule books are the 
product  of over a  hundred years of  learning  from experience. No one can 
afford to relive this process, and moreover trial and  error is not  an 
appropriate basis for  safety  management  on the railways.  The public 
mterest also demands that any newcomer  company’s  claimed  proficiency 



in relation  to  important areas of  railway safety should  be  subject  to 
searching  scrutiny. 

2.2 An infrastructure  controller  needs  to  apply  safety  related  conditions  of 
access to  the  railway  network  which it controls, and  to become assured 
that  any  new  operator  is  properly  equipped and organised, so as to ensure 
that  unacceptable  risk  would not  be  imported on to  that  railway  system. 
Indeed  because an infi-astructure  controller has practical  control  of access 
and  movement on the  system  (not  least because of  having  control  of  the 
signalling), it is essenhal that the  control  is exercised in a way  which 
ensures  safety “ 0  far as is reasonably practicable”. This cannot  relieve 
other  operators of their own responsibilities, neither does it imply that  the 
infrastructure  controller is being  given, or is taking on, an overtly 
‘regulatory’  role: it is simply  a  question  of appropriate arrangements to 
satisfy  the  infrastructure controller’s own obligations. 

2.3 An appropriate  starting  point  in  setting  a safety regime  was to require 
each  railway  undertaking  (including  infrastructure  controllers) to produce  a 
Railway  Safety  Case (RSC). The  RSC sets out the risk assessment,  safety 
management  system,  maintenance  and  operational  arrangements in so far 
as they  relate  to  health and safety  issues. This incorporates  the  safety 
policy  document,  and  the risk assessments required under  general  health 
and  safety  legislation,  but needs to go  further (see Section 3). Given  the 
risks involved in getting it wrong and  the accumulated recommendations 
of various  accident  inquiries, this was  not considered an excessively 
onerous  requirement. 

2.4 Experience, and the public interest,  suggested that self-regulation  (i.e. 
simply  requiring  an adequate RSC to be produced and  followed) was not 
enough  for  satisfactory  control  of  railway  safety. In particular,  there was a 
need to be able  to  show that a  system  was  in place to have  the  key  points 
of  any  undertaking’s  RSC  ‘validated’  by another party. In effect, an 
operator’s RSC is the means by  which he seeks to demonstrate 
competence to an  infrastructure  controller,  and the process of  validation is 
the  means  by  which  such  competence  would  be assessed. 

2.5 Thus  an  important  part  of  the infrastructure controller’s own RSC is 
the  ‘validation’  procedure by which  it  satisfies itself about  the  credentials 
of operators on its  system, in so far as they relate to the  safety on the 
system itself. (This covers all  major risk situations, but no process of 
review  can  be  expected to venfy every  aspect of a  safety  case;  and in 
particular an inkastructure controller  could not be  expected  to  validate 
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specific  procedures  and  arrangements  for  matters  of  minor  importance,  or 
those  giving  rise  to  risk  outside  its  areas of control,  for  example  safety 
aspects of the fitting  out  of  the  interior  of  passenger carriages.) 

2.6 The Health  and  Safety  Executive  (HSE),  as  the  safety  regulatory 
body,  satisfies its self  that this ‘validation’  procedure is itself  sound. This 
is done  as  part  of  a full assessment  of  the  infrastructure  controller’s own 
RSC. This process,  coupled  with  the  inevitable  monitoring  of  actual 
performance,  enable  HSE,  to  profess  itself  satisfied  that  each  railway 
undertaking  has  produced an adequate  RSC,  and  that  all  have  been 
properly  scrutinised,  tested  and  found  acceptable  by  a  second  or  third 
party. This is termed  a  ‘cascade’  control  model. 

2.7 A development  of this model  would  include  a  duty on HSE to 
specifically  underwrite  the  process  by  itself  issuing  a  safety  validation 
certificate  for  each  operator  (perhaps  following  a  submission  from 
Railtrack).  It  could  be  argued  that, as there  is  a  direct  HSE  approval 
system  for  new  works,  rolling  stock, etc., how  can  similar  approval  of  an 
operator’s  organisation  and  systems,  which  might  be  much  more 
important, be reasonably  avoided?  However  there are other  counter- 
arguments:  it  goes  without  saying  that  the  resource  implications of giving 
the HSE  the  duty to accept all validated  RSC’s of all railway  undertakings 
would  be  formidable,  and  it  would be a  clear  duplication of effort;  and 
simply  because  there  are  existing  ‘approval’  schemes  for  certain  specific 
matters  does  not  mean  that all future  enhancements to regulatory  control 
should  follow  that  route.  The  key  question is which  arrangement  best 
assures  safety? - if HSE  were to take  on  the  responsibilities  which  should 
properly  rest  with  the  parties  themselves  (particularly the infrastructure 
controller),  it  could  undermine  those  responsibilities  and  reduce  safety. 

2.8 At  an earlier  stage  British Rad proposed an alternative  scheme, 
whereby  HSE  would  have  the  specific  responsibility  for  undertaking  the 
validation  exercise  for  all  parties on the  railway,  and  for  issuing  a 
certificate  of  acceptance.  However,  British  Rail  envisaged  that  the 
validation  role  would  be  ‘contracted  out’  to  a  body  headed  by  its own 
Director  of  Safety,  and  that  HSE  would  act  on  that  body’s 
recommendation.  There is little  doubt  that  such  a  body  would  have  had 
the  expertise  to  do  the job, but  the  arrangement  proposed  would  appear  to 
give it power  without  the  corresponding  responsibility.  It  would  also  put 
HSE  in  a  position  of  dependence  on a body  which  could  withdraw,  or 
might  be  wound up as privatisation  progressed,  leaving HSE without 
access to  the  expertise  necessary  to  discharge  its  responsibilities. HSE 



might  buy  in  support services, but,  if it were considered  necessary  for HSE 
itself to undertake full validation exercises on  each  train  and  station 
operator, as well as each infrastructure  controller, then  HSE would  have  to 
be squarely m control of the process. 

2.9 The  remaining  option  would  give HSE itself  the  duty to undertake 
safety  validation  of all the  principal parties on the  railway. This would 
share many  of  the problems  already  outlined,  not  least  that of  undermining 
the  responsibility  of the infrastructure  controller  and  other parties. The 
HSE was  not  convinced  that  regulation  at this level would  be necessary to 
achieve  the  desired result, based  experience in other high risk  industries. 
There,  arrangements for safety  management  of sites are  firmly  placed with 

the  party  in  overall  control  of  the  premises;  and  a  safety case or  similar 
document  includes the way  in  which  other,  subordinate parties, are 
monitored  and  controlled. This in practice is similar to the  principle  of 
HSE accepting  the RSC of  the  infrastructure  controller,  but  not to formally 
accept  the  safety  arrangements  of  subordinate  parties. 

2.10 The basic cascade model  (Para. 2.2 - 2.6) was adopted, and 
enshrined  in law through the  Railways  (Safety Case) Regulations 1994. 
They  apply  to  all  railways,  including those unaffected by British  Rail 
privatisation,  although  there are exemption  powers.  Whilst  it  was 
considered appropriate to require  the  major  non BR operators  (principally 
urban electdied systems) to prepare  RSC’s  and  have  them accepted by 
HSE,  exemptions  have  been  granted to many  minor  and  preservation 
railways,  which  have been able to demonstrate less formally  that  health 
and  safety is being  properly addressed. Comprehensive  guidance  on  the 
Safety  Case  Regulations, in the  form  of  a  booklet, has been produced by 
HSE  for  the  industry  (Fig. 1). 

3. Nature of a Railway Safety Case 

3.1 The aim of  a Railway Safety  Case is to demonstrate that the railway 
operator  concerned can cany on his  business  with  an acceptable level of 
safety. In order to do this, it  must  contain : 

a  description  of  the  railway operator concerned 

particulars to demonstrate  that the level  of safety will  be 
acceptable.  The  Health  and  Safety  at Work  Act criterion  that 
risks should be made as low as reasonably practicable is 
applicable here. 
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3.2 Contents 

3.2.1 Descrptlon of the Operatzon: 

The  description  of  the  railway  operation  should provide the answers to 
the  following  questions: 

WHAT will be done?  (business activitles, services provided) 

WITH what  will it be  done?  (infrastructure,  rolling stock, premises, 
plant  equipment) 

HOW will  it be done?  (operating procedures, management  systems, 
technical  specifications) 

WHO will do it? (personnel) 

WHERE will it  be done?  (location of lines, stations) 

WHO ELSE is involved?  (interfaces  with other operators) 

3.22 S a f q  Demonstration 

This should include : 

a  statement of safety policy  objective 

identification of the hazards involved  the  railway operation 

explanation of the precautions taken against each hazard 

assessment of the residual risk of the  railway operation, taking 
account of the likely effectiveness of the precautions 

justification that the risks have been made as low as reasonably 
practicable 

description of the safety  management arrangements to ensure that 
the  safety performance predicted by the safety case is maintained 



emergency  planning 

3.2.3 Interfaces 

Where  safety  depends on the  action of other  operators,  the  descriptlon 
of  precautions  should  make  clear  what  arrangements  have  been  made 
with these  operators  with  regard to their  safety  responsibilities. 

3.3 Functions and Systems 

3.3.1 

The  safety of a  railway  operation  will  depend on the  safety-related 
functions  performed  by  systems. 

3.3.2 

In very  general  terms,  a  system can be considered as consisting  of 
people,  hardware (plant, equipment,  infrastructure, etc.), and  technical 

specifications  and  operating  procedures. This is simplified to people, 
plant,  and procedures in Fig 2 .  How well  a  system  performs its 
function,  and how safely  it  contains  any  hazard,  depends on the 
interaction  of these three elements. Thus : 

The  design  of  equipment  must take account  of  the  human  factors  of 
the  users,  and the operating procedures they will follow 

The  operating procedures must take account  of  the  characteristics  of 
the  plant,  equipment  and iuhstructure, and  the  competence  level of 
the staff. 
The staff must be trained  to  a  level  of  competence  appropriate to 
the  procedures  they  must  carry  out,  and to the characteristics of the 
equipment they will use 

All  three must take account  of hazards both  internal  and  external  to 
the  system. 

3.3.3. 

Maintenance  of the safe performance  of  a system, taking account of 
future growth and  changes, is the task of safety  management. 
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3.4.1 

The Safety  Case  Regulations  envisage three types of railway 
operator: infrastructure  controllers,  train operators, and staaon 
operators. It is possible for an operator to be  responsible  for any 
combination of these operations. 

3.4.2 

The main safety functions of each of these railway operators 
areas follows: 

(a )  Infrastructure Controller 

0 control  the safe movement  of trains 

maintain  the  i&astructure  in  a safe state 

0 ensure that train  operators meet safety requirements  regarding 
the  safety of the  idtastmcture  and the  safety of other trains 

(including those of other companies) on the inhstructure 

0 ensure  that station operators meet safety requirements 

Ensure the health and safety of persons on the infrastructure, 

both  employees and others 

(3) Train Operator 

Move  trains safely in accordance with procedures laid  down by 
the infrastructure controller 

0 maintain  trains in a  condition consistent with  the safety of the 
infrastructure, people on board trains and other trains on the 
inhstructure 

ensure  the safety of people boarding or alighting fiom trains 

ensure  the  health  and  safety  of  people,  both  employees and 
others, on board trains 

’ .! 



(c) Station Operator 

ensure the  safety  of  people  boarding  or  alighting fYom trains 

ensure the  safety  of people passing  through  or  waiting  at their 
stations 

make  adequate  arrangements  for  the  emergency  evacuation of 
stations 

take  adequate precautxons  against  the hazards of  overcrowding 

3.4.3 

The  above llsts of safety  functions are not  exhaustive.  Particular 
functions will depend  on  the nature of  specific  operations. 

3.5 Role of the Railway Safety Case 

3.5.1 

A high degree of  co-operation and co-ordination  between  operators is 
required for these  safety  functions to be performed  effectively. The 
safety Case Regulations  impose  a  duty of co-operation on all railway 
operators, and require them to set out in their  Railway  Safety Case 
(RSC) how safety will  be achieved.  The  duty  of  co-operation gives 
legal  form to what is no more  than  common  sense, or at least 
enlightened  self-interest, to the users of  a  common  infrastructure. The 
RSC should  make  explicit  the operator’s systems  for  providing each 
of  the safety  functions. 

3.5.2 
A more detailed mew  of the  role of the RSC can be seen by  taking the 
example  of  the  infrastructure  controller’s  function  of  controlling the 
safe  movement  of  trains. In order to demonstrate  that this will be 
achieved from the  outset,  the RSC must iden* the  potential hazards 
to train  movement  against  which  the  control  arrangement  must protect. 
The  numbers  and  competencies of people  responsible  for  train  control 
should be stated,  the  organisational  structure within which  they work 
should  be outlined,  and  safety  responsibilities  should  be  identified. 
There  should  be  a descnption of the  signalling  and  communications 
systems  which  will  be  used  and  details  of  the  operating  rules and 
procedures  which wilI be followed. 



3.5.3 

Because it must be demonstrated  that safety will  be  maintained 
throughout  the  life of the operation,  the RSC should  contain  enough 
details of the  safety  management  system to demonstrate that  the  fitness 
and  competence of staff will be maintained, that effective  two-way 
communication exists to ensure  that  safety  problems are reported,  that 
changes in rules  and  procedures are properly communicated,  and  that 
the  performance of the  system will be monitored so that actual  or 
potential  causes  of  harm are identified and remedied. 

3.6 RSC Preparation and Assessment 

3.6.1. 

To prepare an RSC capable of demonstrating the safety of all aspects 
of a railway operation appears a  major task. It should  not,  however, 
involve the operator in much  more than collating and codlfjmg all the 
procedures,  practices,  organisational and safety arrangements,  which 
would have to be put into place anyway for a safe railway  operation. 

3.6.2 

Outside  professional help can be valuable in preparing certain aspects 
of  an RSC, but it is important that much of the content  should be 
provided  by  those who will be  required to make it  work in practice. 
This should ensure that the RSC reflects a full understanding of  the 
operation and  its associated risks, and will foster a sense of  ownership 
and  commitment on the part of all concerned with the operation. 

3.6.3 

The schedules and  guidance to the Safety Case Regulations set out  and 
explain  the  information  required in the RSC from  each type of 
operator. It is not possible to  be definitive about the level  of  detail to 
be  included,  but  a good rule  of  thumb is that the more  novel  the 
operation,  the  more detail will be  required to demonstrate its safety. 

3.6.4 

Assessment of  an RSC involves  firstly  a check to ensure that all of  the 
information  required  by the Regulations has been supplied,  and  then a 
careful analysis to establish that  the safety of the operation has been 
demonstrated. One  way  of  doing this is by seeking the answers to  a 
series of questions  designed  to establish the safety of a  particular 



function.  Taking  once more the  example  of  the safe control  of  train 
movements,  an assessor’s list  of  question  might  be as follows: 

Is there  a suitably structured, adequately  resourced,  competent 

organisation  to  control  railway  operations? 

Do the  standards,  procedures  and  arrangements for railway 

operations  comprise  a  proven  set of rules  and  instructions? 

Are  there  adequate  arrangements  for  communicating  operating 
instructions and notices within the  organisation? 

Are  there  adequate  arrangements  for  ensuring  that  operating 
instructions,  notices, etc. are communicated  to train operators? 

Is there  a  suitable  structured,  adequately  resourced  and 

competent  organisation to develop  and  revise  operating 
instructions  and  arrangements? 

3.7 RSC Acceptance 

(4 The  Safety Case Regulations  provide for a  chain of 
acceptances of RSCs (Fig. 3) as follows : 

For an Mastructure Controller,  by HSE; this has to  include 
the arrangements for accepting RSCs of train  or  station 
operators, where such other  companies  use its infrastructure 

For such  Train  and  Station  Operators, by the  Infrastructure 
Controller  concerned 

@> The  chain  of acceptance ensures  that there is consistency 
between  the various operators on a given  railway, with the 
infrastructure controller taking  the lead in  ensuring  overall 

safety. It also ensures that RSCs are accepted by a  body 
independent of the preparer  and  user: no one is allowed to 
accept their own RSC. 

(c) After acceptance by an infi-astructure controller,  there is a 
28 day period  before  commencement  of  operations  is 
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allowed,  for HSE to  scrutinise  the documents, and to take 
action if  any  matters  have  not  been correctly considered. 

(dl Where a  company is both  inf7astructure controller, and train 
and/or station  operator,  a  single RSC for all aspects is 
prepared for  acceptance by HSE. HSE also accepts 
RSCs for stations servicing  more  than one infrastructure 
controller, and those  actually owned other than  by  the 
dastructure controller. 

3.8 RSC Operating Regime 

3.8.1. A railway operator has a duty to conform to its accepted RSC. 
An infrastructure  controller,  who  has accepted RSCs from  train or 
station operators, has  a  duty  to ensure that they follow the procedures 
and  arrangements  described. In an extreme case, where an operator is 
considered to be  operating  in  a dangerous manner, the fiastructure 
controller  might  have to deny  continued access to the network. 

3.8.2 The reasonable requests of the inkstructure controller,  with 
which train and station  operator are required to comply,  include  day- 
to-day  operational  matters  such as temporary speed restrictions, 
diversions, and platform  alterations. They may also include requests 
for access for operator’s  premises for monitoring or audit purposes. 

3.8.3 An RSC should  provide  a  guide to the policy and arrangements 
for  safety of the operation concerned. It is a means of  focusing  on the 
safety aspects of all systems, not only for the railway operators 
themselves, but also for HSE as the independent safety regulatory 
authority. 

3.8.4 The RSC must  not be shelved  and forgotten after acceptance. It 

should be an organic  part  of  the  management  and  control of the 
railway  operation. As such, it should be regularly  reviewed  and 
updated in the light of experience, and whenever  changes to the 
operation are contemplated.  Where  such changes would  make the 
RSC materially  different  from  the accepted version, the changes have 
to be submitted for acceptance, io the same way as new documents. 
And,  in  any case, a  formal  review has to be conducted at least every 
three years. 

b 



The Way  Ahead 

4.1 RSCs were  introduced fiom 28 February 1994, with existing operators 
having  a  two-year  transitional  period  to produce an RSC and  have  it 

accepted. 

4.2 The  introduction  of RSCs has enable an approach to safety  regulation 
to  be  adopted  which covers all aspects of a system and  all  stages of its life 
Fig. 2 represents  the essential elements of a system, and FIG 4 shows  how 
the HSE’s activities  span  its  whole  life. The process encompasses 
approval  of  the  infrastructure  and  rolling  stock (the “plant”), acceptance 
of the RSC (the “people” and  “procedures”),  inspection  and  audit, 
collection and analysis  of safety performance data, and investigation  of 
accidents. 

4.3 A major  part of HSE’s activities is now directed towards  answering 
the  following  questions : 

are  the  railways working to their RSCs? 

0 are  the RSCs working? 

The  former  question sums up much of HSE’s mainstream  inspection  work, 
while  the  latter  is  aimed at seeking areas for  improvement  in  the  system. 

4.4 The RSC is an excellent  starting  point for understanding how a 
railway  operation  is intended to achieve  its safety goals. This enables 

HSE to adopt  the  technique of theme  inspection, where a  particular aspect 
of  the  operation is chosen, for example an infrastructure  controller’s 
management  of idiastructure maintenance; with the RSC being  used to 
iden*  what  is  relevant, actual performance is compared with  the  relevant 
standards  and  procedures. This enables  a  much  greater  in-depth 
understanding  of  the performance of the operation, than  can be gained 
from  random  or  systematic on-site inspections alone. 

4.5 The RSC also gives greater  coherence to the  findings  of the 
traditional  (and still indispensable) inspector’s site visits, as it provides the 
means  of i d e n m g  systematic weakness  which  may  underlie  individual 
lapses or  omissions. 

I 



4.6 These approaches to inspection  should be equally  valuable,  when  used 
by an idrastructure controller to monitor  the  compliance  of train or  station 
operations with  their RSCs, or  when  used  by operators as part of their own 

internal  audit  and  monitoring  regime. 

4.7 RSCs have  generally  been  based on continuity of technical standards, 
operating procedures,  and  competence  and experience of people.  Thus, 
while their  introduction has been  a step change in the  regulation  and 
management  of  safety  on  the  railways,  but  it  was  not expected to produce 
an immediate  change  in  the  level  of  safety achieved in the industry.  The 
main  objective of  the  system  was to ensure that existing levels of  safety 
were maintained  during  the  reorganisation,  ffagmentation,  and  subsequent 
privatisation of British Rail into successor operational  organisations. This 
has been  achieved, and forms  the  basis of continual  gradual  improvement 
in the future. In the longer term,  however, it may be hoped that  the  more 
comprehensive  systematic  approach  to safety, provided by  the  effective 
use of RSCs will lead to the evolution of greater safety, as lessons are 
learned and best practices are shared between merent  parts of the 
industry. 
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Approve Infrastructure and rolling Stock 

Accept Railway Safety Case 

Preventative Inspection and  Audit 

All aspects of  safety) 

Collect  and Analyse Safety Performance Data 

Investigate Accidents 

FIG 4: HSE’s “Whole Life”  Railways Activities 
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Introduction 

We all understand the  importance of research  and  development  for  any 
company or organisation, whatever its chosen  field.  Research,  and  the 
subsequent  development of improved  products  and  services, is an  essential 
step along the path of  conhnuous improvement. It 1s as important in the rail 
transport mdustry as It IS elsewhere and it is particularly relevant to  the 
unprovement of safety. 

It is  probable that virtually everyone  at the conference  is mvolved w~th  

change in some  way at the moment. It  may not be  as fundamental as  the 
pnvatlsatlon programme taking  place in the UK but restructuring, 
pnvahsatlon and commerclalisatlon  are  words w ~ t h  which we are all very 
familiar. 

This paper will trace the development  over the past  four  decades of  research 
on  Bntain’s  railways,  to  analyse  the  ways in whch it has been  and  is stlll 
bemg  affected by the changes talung place m the mdustry at the moment,  and 
to consider  its  role  and  structure  in this new fragmented industry. As this IS a 
safety conference, the  paper  will  concentrate on the contribution of  research 
to developing a safer  railway. 

In the paper, research  is  being  considered in two ways - applied  research  and 
strategic  research. Both are important  to the process  of continuous  safety 
improvement, but  applied research often has  more  transparent links wth the 
eventual measure  of failure or  success of  the  work. 

Strategic  research, or pure research  as it is sometimes termed, has  wider 
horizons,  may  not  have  such a clearly defined outcome,  and it is measured in 
terms  of  longer  timescales. Because it poses the  greatest challenges to the 

changing mdustry, the  paper  concentrates on safety-related  research 

Inevitably the  paper will focus  on  the situation in  the  Umted  Kingdom, but  It 
should have relevance  to all of you at this conference 

Historically,  British Rail (BR)  has held an important position in applied  and 
strategic  research m the U K .  Under the 1968 Transport  Act, British Rail was 
required  to  undertake  research  and  development,  acknowledging its unique 
position in the rail transport  industry in Britam. 
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Even  prior to the 1968  Act  of  Parliament,  the  Bribsh  Railways  Board  had 
recognised its responsibilities  and  the  importance  of  research in spearheading 
the  modernisation  of  Britain’s  national  rail  network  in  the  late  1950’s  and 
early 1960’s. 

Many years  ago,  the  British  Railways Board recognised  the  need  for  a proper 
focus  of strategic research  effort  and  established  a  Research  and  Technical 
Committee. This Committee, as well as mvolving  BR engineers  and 
managers  with key skills,  also  included  eminent  figures  for  the UK academc 
and  industrial fields. They were  able  to  add  an  extra  dimension  to  the  work 
of  the  Committee  by  giving  a  broader  view,  and  their  value  to  the  work  of  the 
Committee  has been considerable. 

The Committees role was to steer the strategic research  programme  and to 
mange  the  annual  strategic  research  budget  of  several  million  pounds  which 
BR invested in the work  of  Railway  Technical Centre, and BR Research in 
particular.  Even  after  the  restructuring  of  BR  into  a  number  of  serm- 
autonomous  companies,  the strategic programme was still  managed at 
corporate  level because the  Board  recognised  its  importance to BR. 

British Rail Research 

In 1957,  BR  established  a centre of excellence in the  form  of  the Railway 
Technical Centre at  Derby.  Here,  a  whole range of skills  and research 
facilities  were created to  tackle  the  vital task of  modernising  the  railways  in 
Britain.  It  was  a  bold  step  with s i m c a n t  government  funding,  but  it  enabled 
Bribsh  Rail to establish a  leading  position in research amongst  the  world’s 
railway administrators.  Success  can be gauged  by  the fact that  many 
uutiatives developed at  the  Railway  technical Centre have  been  exported all 
over  the  world. 

Amongst its other achievements,  the  Railway  Technical  Centre (RTC) and 
British  Rail Research, as the  research arm of  the  RTC  became, were a 
number  of initiatives  which  made  a substantial contribution to the  improving 
safety  performance of  British  Rail. 

‘J 



A good example is the work associated with “crashworthmess” or the extent 
to which a vehicle is  able  to withstand the forces  of collision and derailment. 

Over the  past  twelve years British Rail research has  carried out several 
programmes  of  work  covering structural and  interior  crashworthiness The 
Clapham Accident 111 1988, 111 which 35 people died and over 500 were 
injured,  added a new stimulus to the work,  and the report  of the accident 
made specific recommendations  for improving vehicle  crashworthiness. 

The substantial body  of work in these  programmes  covered a w d e  span of 
research  and  development, including accident analysis, the use of 
mathematical models, vehicle  design and materials,  driving cab modification, 
and work on the ovemdmg characteristics of  vehicles. This work  led  to the 
production of rewsed  specifications for the performance of the external 
structures  and  intenor  fitments of  rail vehicles  which  would substanhally 
reduce the number and  extent  of  casualties in the event  of a collision. 

A strength of the  work  outputs  was  the  recognition  to  the relationship 
between  costs  and  benefits,  between risks and the  cost of control  measures, 
and  the  need  to  understand  these  relationships  to  ensure the maximum safety 

benefit 

This example  demonstrates  some of the applied  research a development 
which British Rail has  led in the last  few years.  However,  the list is much 
longer  and  covers a wide range  of safety related  areas, including improved 
methods  of  track  maintenance  and renewal, wheel  slip protection  systems for 
poor adhesion conditions, and train movement computer control systems. 

There  have  been  some  failures as well, but research  work by its very nature 
has an uncertain outcome, although overall our record  has been good. 

Strategic  research  became  an increasingly mportant  area of focus for British 
Rail. This was partly because of the loss of Brihsh  Rail’s own in-house 
manufacturing capability in the  late 1980’s which  shfied the  focus of applied 
research  in  some areas  to  the suppliers. It was also partly because  of the 

increasmg international dimension  of  strategic  research. British Rail  has 
always  had active, direct  llnks \nth international  railway  research 
organisabons  and  other  railway  administrations, but these links have 
strengthened  and  increased in the last few years. 
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Privatisation and it’s effects 

The  Railways  Act  of  1993  initiated  the process of privatisation of the  national 
rail  network in Britam  by  separating  the  control  of lnfiastructure from  the 
operation  of trains. It created  Railtrack,  the infrastructure controller,  three 

rolling  stock  leaslng compmes who own all  the passenger rolhg stock (the 
ROSCO’s)  and  a  number of autonomous  train operating companies. 

Over  the  last two and  a  half  years,  the  privatisation process has  gained 
momentum. Railtrack  is now a  private  company  trading on the  Stock Market, 
the  three  ROSCO’s  have  been  sold (and one  subsequently  resold),  and  the 
Bntsh Railway  Board  now owns only  eighteen  out of  forty  five  train 
operating  companies it once  owned.  By  the  Spring  of 1997 - less than twelve 
months  away - the  British  Railways Board will  no  longer  be  a  trading 
company,  and  the  industry  will  be composed of  a large number  of  relatively 
small compmes. 

The  continuing  importance  of  research to the railway industry  and its 

vulnerability  at  a  time  of  such  change was recognised by the  Health  and 
Safety  Commission  (HSC)  in  a  document they produced in 1993 in response 
to  the  Government’s  proposals  for the privatisation of British  Rail. (The 
operational arm of the  Health  and  Safety  Commission, the Health  and  Safety 
Executive,  has  responsibility  for  the statutory regulation  of  safety on Britain’s 
railways). 

In this document,  “Ensuring  Safety on Britain’s  Railways”,  the  HSC 
identified  the  need  for  the  new  smaller  companies to have access to expertise 
in  research,  development  and  technical support. Their recommendations in 
the  report,  quoted below, was accepted by the Government. 

“The  need  to ensure that  appropriate  facilities  for safety, research  and 
technical  evaluation  remain  available to railway  undertakings in  Britain 
should  be  borne  in  mind by the  Department of Transport when  developing 
proposals  for  any disposal from  the public sector of the  existing  British  Rail 
research  and  development  facilities.” 
That  process  of sale of  British  Rail Research has already started and  it  is  the 
intention  that  British  Rail  Research  will  be  sold  before  the  end to 1996. 

So what is the  present  positlon ? 

i 
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Even  during  the current year,  British Rail’s Research  and  Technical 
Committee has been managing  a  reducing  programme of strategic research, 
however  the last meeting  of  the  Committee was held only last week. There  is 
lmle  more  that  British  Rail  can  do  other than contribute  to  the debate. It 1s 
for  the  industry as a whole to  determine  the  way forward. 

Hopefully this has  given  you  a  brief perspective of  the  historical  role of 
research in the  process  of  developmg  a safer railway in Britain. But what of 
the future of strategic and applied  research ? Who  will  take  on  that role in the 

future 

A view of the  future 

As mentioned earlier,  the  pattern of British  Rail  seeking  design  and 
manufacture from external  sources has already been  established. It goes 
without  saying  that there is an  increasing role for  suppliers  in canying out 
research  and  developmg  new  products  to  meet  the  needs  of their customers. 
This process has already started and  will  continue  whether the customer is 
British  rail, Railtrack, or the  owner or operator of  the asset. It is the  way  the 
world  works in a  commercial  environment.  Legislation also places on 
suppliers an obligation to ensure component,  product  and  system  safety. 

What is likely  to  happen, is that  the  larger,  more  powerfid  suppliers  who  can 
operate on a  global basis will  increasingly  aim to meet  the needs of the 
international  railway markets. They  will design the  product,  build  it, and in 
some  circumstances maintain and  maybe in due  course operate it, using 
research  and  development  work  aimed at a  global  market.  There  will 

probably  be  a  greater  emphasis on cost-effectiveness  rather  that  major 
technological  development  and this may apply as much  to safety as to other 

aspects of performance. 

The  position  in  the future is not so clear as regards strategic research. 

In the  case  of  an integrated railway, it is easy to see who  should  take  the  lead 
in  strategic  research.  But  what  about research into new technology that could 
affect  the  safety interfaces e.g. the  train/signalling  interface in the  new 
fragmented  industry. Bear m mind  that  the  failure rate and cost of strategic 

technology  can  be  high, and the  direct payback is uncertain. 
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Should I t  be the  infrastructure  controller ? Clearly,  the  infrastructure 
controller must take  a  lead  in  issues  affecting  the safe operation of  the 
infrastructure,  which includes the  running  of  traction  and  rolling  stock  over 
that  infrastructure. But what  about  research  that  could  improve  the  ability  of 
the  driver to  control  the  train so that  the  risk  of  collisions is reduced? 

Is that  where  the train operator fits  in ? Possibly,  but  a  train  operator  with  a 
franchise to operate  for  seven  years may see little  benefit  from  that  research 
before  that  seven  year  period is over.  Improving  the  safety  performance  of 
existing  assets  using applied research  and  development rather than  a  more 
radical  solution  makes  more sense. 

So what  about  the  owner  of  the  rolling stock ? Perhaps, but  providing  that  a 
train  operator does not reduce the  value of the asset leased from  the  ROSCO, 
and  unless  there  are obvious benefits  in  increased lease charges from  the 
improvements  which  may  eventually  derive  from strategic research, the 
rolling  stock  company  may see little  advantage. 

This paper has deliberately  over-simplified  the  position. In reality  they  all 
have  an  interest  in strategic research if it yields the potential  benefits. But 
who takes the  lead ? 

What  about  strategic research associated  with inhstructure maintenance ? 
This maintenance is carried out  entirely  by  contract  for Railtrack. Railtrack 
will expect the contractors and  their  suppliers to develop  more  effective  and 
safer  ways of maintaining  the  infrastructure.  However,  funding and leading 
research  into areas that  may  not  yield  results  for  several  years,  if  at  all,  will 
inevitably  fall  to the owner of  the  infrastructure. 

There is also the  important  issue  of strategic research in  co-operation  and 
collaboration  with our railway colleagues in other  countries,  with  Government 
research  bodies,  and  with  the  universities.  The  UIC is already  wrestling with 
the  problem  of  the appropriate ways  of  representing  a  fragmented  British  rail 
transport  industry,  and  the  same  problem  applies  with strategic research at an 
international  level. 

The  question  of funding is also important.  British  Rail  in 199311994 in  the 

last year it controlled  an  integrated  railway  had  revenues  of E 3.6 billion  and 
was  able  to fund a fairly  modest progamme of strategic research of E7 
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million. A small train operator  with  a  turnover of E20 million  is in quite  a 
different  position. 

Indeed, who actually sets the  policy 111 the UK which will determine  the 
direction m which strategic research  will  be  pointed ? Who wll carry  out  the 
research ? If  the  research 1s successful,  how will the  benefits  of  the  research 
be  shared  in  relation to its costs ? Consider the  example of a  successfully 
developed  cab  borne  signalling system? Whoever funds the  initial  research 

and  development,  how  will  the  eventual  implementation costs and  benefits  be 
shared  between  the  vehicle  owner,  the train operator,  and  the  infrastructure 
controller. 

There  are  a  whole  range  of  issues  which are pertinent  to this debate  and 
several of  them have  been  deliberately  raised in a  rather  svnplistic  way to 
emphasise  that  these are important questions which  need  answering.  Some  of 
them  may  well  be relevant  to you  in some shape or  form. 

We must also pay  particular  heed to the  public  view of safety. We have 
always been  heavily  committed  to  running  a  safe  railway  and our success is 
demonstrated  by  the fact that the public tend to take  safety on  the  railway  for 
granted. But that  perception,  and the value  that  the  public put on safety, is 
constantly  evolving. If we fail  to  recognise  that,  and  fail  to  work  towards  a 
goal  of  continuous  improvement  in  safety,  then  we face a  very  uncertain 
future  indeed. 
It is  pleasing  to note that since  April 1994, the  safety record of UK railways 
has  continued  to  improve  in  the  early days of  the  new  industry  structure. 

Having recogused the  importance  of  getting it right  and  not  creating  a 
damaging  research  vacuum  for the next  few  years,  the  Government’s 
department  of  Transport has sponsored the  formation  of  a  committee to 
review  future  research  and  development  in  the  railway  mdustry.  The 
Committee’s  role is to  advise  the  Department of Transport on  the  best 
mechanism  for  directing  and  co-ordinating  research  and  development m order 
to meet  the  needs  of  the  new  railway  industry. 

I must  declare an interest  at k s  stage. I am a  member of that  Committee. 
The  Final  report has been  prepared but has  not  yet  been  released,  therefore it 
would  be  inappropriate  for me  to give details. However,  let me share  a  few 
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thoughts  of my own on some of  the  key issues which  the  industry  needs  to 
face,  particularly  in  the  vital  field of safety. 

I readily  acknowledge  the  important role of the  supplier  in  applied research, 
and  by  developlng safer products  for the industry  they  should  also  be 
improving  their own competitive  position. 

It is also essential  that we get  the  balance  right  and  let  the  industry  players 
respond  to  the needs of the  market  without  attempting  to  give  central 
direction  where it is  not needed. 

Having  said  that,  we  would  all  recognise that there are areas of safety  related 

research  and  development  where  for  the  industry  simply to rely on the  efforts 
of  the  suppliers  could lead to a  research  vacuum  being created. This is 
particularly so of issues which  provide  an interface between  different  players 
in  the industry.  The example quoted above of the traidiufhstructure interface 

makes  the  point. 

There is also  the future of what is called  "blue-sky"  research - using strategic 
research to help us develop a vision of the train of the  future, to help  the 
industry to consider radical inhtructure developments,  for  example,  which 
could  align  to  Government  aspirations  to transfer road  traffic to rail.  If we 
can create a  shuttle service for  road  vehicles  through  the  Channel  Tunnel, 

why  not  from Glasgow  to  London,  or, better still, fiom Glasgow to Rome? 

Where  national  Government  or  European  development,  or  even  public 

opinion  where  rail  safety is concerned, leads to  a  change  of  emphasis  in  rail 
transport  policy,  then some kind  of  central  co-ordination is essential for 

progress to be  made. That co-ordination  must  involve  not  only  the  policy 
makers  but  those who will  need to respond to the  policy. 

The issues of safety related research  and  development we are facing  and  the 
way 111 which  we  deal  with  them will, I believe,  play  a  large  part in  helping  to 

determine  the  future role of railways  in  Britain.  There are lessons  which  can 
benefit  other  railway operators in the  world who may be travelling  to  a 
greater or lesser  degree, along the  same  path  of  industry  restructuring. 

Conclusion 



The  paper has  covered briefly the historical  background of safety-related i 
ralway research in Britain and summarised  what  are  considered to be many 
of the key issues  which  the  mdustry d l  have to face if it wishes to ensure 
that research  continues  to play an important role in developmg a safer I 

railway.  Some of the issues may not have a simple resolution The 
reassurance  is the willingness  of all parties to  appreciate that the issues are 
important enough  to  demand  resolution,  and the evidence that progress is 
being made in maintaining the vital role of research in developing a safer 
railway in the changing industry. 
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EXECUTIVE SUMMARY 

A  safety  audit  of  the  TransNamib Rail Division (TNR) is conducted 
agmst a  background  of  economic  and  cultural  change as they  adapt  to 
remain  aligned  to  their  company  vision  and  mission.  Recognising 
Namibia's transport needs and the  local  market  compehtlon  and 
limitations, TNR has  embarked on a  unique  customised,  Southern  Afiican 
- specific  approach.  The  safety  audit is the first phase in a  program to 
increase  train  speeds  and  reduce  delivery  times,  while  maintaining  a high 
safety  standard, in an attempt to meet projected  market  opportunities. 

This is a  safety  audit with a  difference,  in  which  both  auditing  and 
corrective  actions  occur in parallel.  A  unique  participative  approach 
between  the  contractor/specialists  and  TransNamib staff (Audit  team) is 
spread  over  a 7 month  period.  Interaction  and  time,  play  a  significant role 
in  the  transference of knowledge  and the understanding of the  need for 
change.  Team  members,  representing all relevant  departments, are 
exposed to a  holistic approach, crossing  discipline/departmental  barriers 
and  creating an awareness of their  inter-dependence  and  the  consequences 
of  their decisions on others. 

The  need  to move away kom a  military  style  detail  explicit safety 
approach,  to  a  knowledge  based  one in which  regulations are more 
generic,  reinforced  with  performance  measurement  and  feedback, is 
exposed. 

The  emphasis  is  focused on present  application  and  future  safety needs 
regarding : 

W t r a c k  dynamics 

maintenance  standards  and  practices 

knowledge  and skills of key personnel 

Critical  items are identified and high risWcost areas attended to 

immediately,  allowing  operating  budget  savings  to  offset  project  costs, 
making it possible  for  the project to  rung or positive  cash flow. 

I 

Economic  common  sense excludes the  consideration  of drastic changes to 
rolling  stock  and  track  infrastructure, as seen in  First  World  countries  like 
Europe  and  Japan.  Limitations in existing  infiastructure,  market size and 

finance,  challenge  the  teams  intellect to produce appropriate solutions. 

Technology is transferred  and  a  small  Train-Dynamics  office is proposed 



i 
within TransNamib to monitor, assess and implement relevant 
technologes. 

I 

I A Solution: For Africa - From Africa 

A low-cost, appropnate, m-house approach for  increased  speeds m t h~s  
relatively small Southern African railways is shown to be within reach 

~ 

This paper  focuses on the application and mechanisms  relahng to this 

unique approach,  rather than the  outcome of the Audit. 



Introduction 

TransNamib Rail Division has its origin  in the  erstwhile  South  African 
Transport  Services  (SATS), as the  South West African  Region.  During 
1988  TransNamib  became an independent  Organisation  operating  under 
the  SATS  safety  umbrella,  and  at  the  time  of  Namibian  Independence,  the 
structure wlthin TransNamib was a  “blue-print” of SATS. 
Economic  pressures and a  desire  to succeed forced TransNamib  to  make  a 
direction  change  in  its operahons. In retrospect, this was  a  turning  point  in 
TNR’s existence, in  which  they  progressively shook themselves  free  from 
regulations  that restricted their  ability to compete in the  market  place. 
Although this had  the desired positive  result,  placing  TransNamib  in an 
economically  competitive  position, it also placed them  in a precarious 

state of safety. This had  a  snow-ball effect, creating  a  disregard  for 
regulations and a  working “from  the seat of the  pants”  situation. This was 
worsened  by  the  natural  attrition of senior staff and the  resulting  intake of 
non-railway-experienced  personnel to operate in a changing  environment. 

At this point  in  time the General  Manager,  of  TransNamib  Rail  Division, 
initiated an independent  rail-safety  audit process to place the  spotlight 
back  on  safety,  and to serve as a basis for the  establishment  of  a 
programme  for  higher speeds. The  underlying  requirements are 
understood  to  be 

0 Improved  and  entrenched  safety 

0 Scientifically based decision  making 

Reduced  delivery  times 

Higher  train speeds (on  certain  lines) 

It was  decided  that this audit must  not follow the path  of  a  typical ‘fist 
world’  approach as fist world  solutions  seldom fit African  problems. 
Many  African countnes have  experienced  the  “expense”  of free hand-outs 
and  the trap of donor-addiction  and are rapidly  recognising  the  need  for 
local  solutions to their  local  problems. In securing the  services of a 
suitable consultantkpecialist, emphasis was placed on knowledge  and 

experience  of  the  local 1065 mm gauge railway environment  and an 
understanding of train/track dynamics. 



Requirements 

The requlrement was  to investigate current train related  practices  wthin 
the Rail Dlvlslon of TransNamib Lirmted w t h  emphasls on 

Train Track  Dynamics 

Maintenance  Standards  and  Practices 

Knowledge  and skills of key personnel 

The proposal was  to maXimise TransNamib’s  exposure to safety, 
ldentifymg critical safety  areas  and  initiate  correctwe  measures in parallel 

wth the audit. This is to  be done within a limited budget and 111 such a 

way that TransNamib  becomes streamlined and flexible in order to meet 

future challenges and  to comply with TransNamib  Vision and Mission 

Statements. For this a w q u e  approach was essential. 

Approach 

A participative approach  was used, wherein  BCE  played  the facilitating 
role within a pre-selected  TransNamib  team.  Team  members  represented 
the various departments/disciplines and  were selected for  their enthusiasm 
and ability to  positively contribute. BCE  spent time with  each member 
examining safety  related  aspects, identifying areas of concern, 
educatingitraining, immedately  where possible, and  assisted with 
solutions. Early implementation of  solutions  are  mtended  to bring about 

early rectification of  problems and hence  also early financial  returns m the 
form of savings. 
For this the team itself  had to be  prepared  for the task  ahead. This 
rncluded getting to understand the  safety  environment, linking 
technologies, and how  and who to audt.  A spin-off of this participative 

approach IS the  natural transfer of knowledge,  technology  and 
methodoloBes  to all team members and  beyond. 

First Hurdle 

The first hurdle was  for the team to  come to gnps with the full extent of 
safety in a complex engineering  enterprise. f i s  was the single biggest 
step in h e  team’s learning  process. 

In a complex engmeering system, disciplines  and  departments are inter- 
related and dependent  on  basic  technologies.  The  effective  and efficient 



working of the  total  system  depends on the  linking  of  these  technological 
needs through standards and  practices  e.g.  in  the  locomotive  depot  the 
correct mer-bogie control (IBC) setting  actually  allows  locomotives  of 
heavy  axle  load  to run safely  on ThX’s light  rail  with acceptable 
combined  rail stresses. All re-gdafions  have their  origins,  and a1 long as 
nothing  changes, these tried-and-proven  standards  and practices are all 
one  needs to operate  safely 

In previous  eras, where change  was  slow,  a rigid ‘‘military”  approach 
worked well. This was totally  inflexible  and  rules  and  regulations  were 
explicit  leaving no room  for  interpretation  or  error. Hence the  saying 

“you’re  paid  to do - not to think!” In this system it was not  necessary to 
understand  the  origin  or  cross-discipline  effect  of  the  regulation. This 

produced  a  compartmentalised  mentality  and discouraged interest or 
appreciation  of  other  technologies.  Changes  invoke fear and fiom fear, 
many  restrictive  illogical  regulations  grew. Besides creating  and 
perpetuating  a  dinosaur  syndrome, it also deprived  people of logic  and 
hence they created their own technical  myths. These myths  contain  a 
distorted form of logic  and  erroneous  decisions  can  result  in  safety  critical 
situations. (This is particularly  a  problem with drivers.) 
In any  company of long standing, traces of  their history are evident. RJR 

is no exception. Its compartmentalised  and  rigid structure is seen to 
impact on efficiency and flexibility. 

Audit Tools 

In parallel  to  the  above,  the  team  decided  on  a  certain approach to obtain 

the  best  results fiom the Audit. 

“No limitations ’’ 

Each  person was selected for  their area of  speciality,  however, no 
limitation must be placed on  any  member,  each  having  the full right  to 
comment on aspects in other  persons areas. 

“Zero Blame” 

This is an approach  in  which no blame is attached to an individual  causing 
an  incident/accident.  Individuals  are  seen to have  a  reason  for  doing 

what  was  done  and  the  focus is placed on uncovering  and  correcting  the 
mechanisms  behind these reasons.  Blame  and  hence also punishment are 
totally  excluded  and replaced with  the  need  for  training. 
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“To Measure is to Know” 
Actual measurements are essential. I believe _ _ _   _ _  ..” is an auditors 
worst enemy Even when one is sure that you know the  answer,  you still 
ask  Why? Making sure  of  the  persons  understanding. Use 1s made  of  the 
“5 Why’s’’ to  get to the root  of  situations. 

“ 

“Systems  Loop ” 
Apply the  systems  approach  to  each  element  always  ensuring that the loop 

has been closed viz. Measure - give  feed  back - rewards/restrain - 
measure again- etc This is done f?om Company  down  to indiwdual  level. 

“Safety  Checklist” 
A checklist of technical safety aspects  was  drawn up for the total  spectrum 
of train related  practices. 

Safety  Parameter Audit 

The team carried out an audit, each  in  their  own  specific field, with 
emphasis on safety  aspects  of  maintenance  standards  and  practices, 
knowledge and skills of key  personnel,  and trainhack dynamics 
technology. This encompassed 

General  Safety 
Permanent Way 
Rolling Stock 

Signals/Communication 
Trains 

AccidenthcidentRecords 

Results 

In general safety regulations were in place but  not  always  applied or 
enforced. The  amtude  of  staff  is,  however,  very  positive with a keen 
desire  to  improve. 

Safety  problems, specifically those  relating  to  the  unplementation of higher 

speeds,  were mamly : 

Lack  of  knowledge 

i 



Limited  general knowledge of t rd t r ack  dynamics in TNR; 

compartmental  outlook; unaware of affects on others; use  of specialist 
contractors  of  narrow expertise, reluctance  to  challenge  regulations,  etc 

Poor dikciplindautltority 
Critical  for  drivers, tram controllers and shunters. 

Resistance to Change 
Few, but  bad  when  combined  with  technical  myths 

Myths 
Of part~cular concern where these affect  the  judgement in safety cntical 
enwonments  e.g. dnvers and train  controllers. 

Low Stability Fleet 
Of 1625 wagons, 1330 are three piece bogtes  of the Spoorbarber design, 
limiting  potential  for  higher speeds. 

Projects 

The  following are some  of the projects that have resulted  fiom this audit, 
been  identified,  investigated andor already  initiated,  to  improve the 
standard  of  safety  and  pave the way for higher speeds: 

Driver  and  train  controller  training 

Creation  of a Train  Dynamics  facility 

In-house  testing capability for train  dynamic  related aspects 

Conversion of low-stability  Spoorbarber  bogies to Self-steering bogies 

Higher  axle-loads coupled to boge conversion 

Flange  Force  measurement  installation  to ensure correct bogie alignment 

Utility  vehicle  for  track condition monitoring  and  fault  rectification 

Tension  measurement -frame for monitoring  continuous  welded track 

and fasteners. 

The  establishment  of a rail safety body to oversee the application of 
safety  philosophy/culture within the  management  and  regulation 

structures. 

(incorporated D. new  Train  Dynamics  Functions) 
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Conclusion 

T r a i n r a c k  Dynamics  Aspects 

Track, locomotives,  wagons and  coaches  are generally rn good  and  well 
maintained condihon.  Factors influencing safety can be identified  and 
isolated, or in the  case of  the  Spoorbarber  bogies,  can  be  converted, 
thereby making it possible with available  infrastructure  to  approach hgher 

speeds wth safety. 

Maintenance Standard 

In general, standards  need  to  be  upgaded  and unnecessary or redundant 
standards  to be  discarded.  With  the  correct  controls  and  feed  back  loops 
mstalled, some  limitations could be relieved to significant financial 
advantage. These  innovations  need to  be  conducted under the controlled 
umbrella of  the Rail Safety  Body  and  Train  Dynamics  person. 

Knowledge and Skills of Key Personnel 

This is the  area  that  requires the closest  attention. 
In key positions, like Train Drivers,  Train  Controllers  and  Shunters, 
critical knowledge,  skills and  dscipline  are imperative. This is any 
Railway Company’s  single  most  vulnerable  area. 
However, TNR Staff  in these  problem  areas,  responded  positively  to  the 
knowledge based  approach.  Reassuring  qualities  of  enthusiasm  and 
keenness  for knowledge  and improvement were  encountered. 

From this it is concluded  that, with the  correct  training  and  required 
cultural change, operatmg at  higher speeds can  safety be done using the 
existmg personnel. 

General 

Dunng the Audit,  the following conclusions  and  outcomes  were 
experienced at team level : 

The approach used in this  audit  created a more  holistic  mew  between 
team members, brealung  down  traditional  departmental  barriers and 

creating a better  understandmg of  the influences  of  regulations and 
decisions on others This knowledge-based  approach is recommended 
for T N R .  

Th~s approach  lent itself to  knowledge  assimilation  that  could  be  applied 
directly in the day  to day  functions  yielding  immediate  benefits. 

In certain areas resistance  to  change does exist  and will need  special 
attention. 

d 



To the best of our knowledge this whole exercise has been self- 
sustained having run from within the operatmg budget and  created 
s a m g s  greater than the project  costs. 

.4 NEW VISION IN AFRICA 

'IN? - Management's vision and  willingness to explore  new and 
lnnovatlve approaches has placed them on the threshold of a new  era for 
thud world Railways 

Appropriate solutions in Africa challenge intellect and create  opportunities 
for technology breakthroughs with application in Africa - and possibly the 
rest of the World 
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1) Introduction 

Safety is an  important element in  most  railway  operations because trains travelling 
at hizh speed  usually carry large number of passengers and a major railway accident 
would not only result in  heavy loss in properties but is also  very likely to result in 
loss of many lives and a large  number of serious  injuries.  Such occurrence is not 
acceptable by the society, government and management of the railway. 

A railway is a complex system and it  comprises  of many engineering disciplines, it 
carries out various facets of operations, it employs  large  number and a variety of 

railway workers and it has many different activities in its life cycle. It is obvious that 
to achieve safety in a railway system requires a systematic approach. This systematic 
approach is h o w n  as  the  safety management system (SMS). A SMS comprises many 
tasks of which one IS safety audit. 

This paper focuses  on issues related to safety audits in a railway environment. 

2) The  Purpose of Safety Audit 

Safety  audit  is a task in the feedback loop of a safety management system. Generally, 
the purposes  of safety audit are: 

a) to verify the implementation and compliance of safety tasks 

b) to assess the effectiveness of  implementation 

c) to evaluate and confirm that the safety tasks meet the safety objectives 

1 



3) The Process of Safety Audit 

An audit process  involves  two  parties, i e. the auditor and  auditee, 

From the auditor’s  point of view, it can be divided into the following four stages. 

a) preparation 

b)  the audit, this makes up  of e n m c e  conference,  document  review,  hardware 
check,  Interviewing  people,  evidence revlew and analysis, exit conference, 
report wrlting 

C) documentation 

d) follow-up  action 

From the audltee’s  point of view,  the audit process  comprises  of  the following four 
stages: 

a) the entrance  conference 

b) the  audit 

c) the  exit  conference 

d) follow-up  action. 

Therefore,  an  auditee will only be  involved in part of the process that an auditor 
undertakes. 

Here, 1 would like  to  focus on the process  undertaken by an  auditor. 

In the  preparation  stage,  the  auditor would gather and consider some preliminary 
information and define  the objective and the scope of an audit, identifies auditees and 
determines  the  approach. In this phase,  the  auditor  will  also need to prepare 
checklists which will guide  the  audit  process that follows. 

In the  audit  itself, it comprises  of  entrance  conference,  document review, 

intermewing,  field  observation,  hardware  examination,  record review and 

consolidation. 

The next stage of the audit comprises of exit conference, issuance of final audit report 

and documentation. 

The last stage is to  ensure that follow-up  action is indeed completed  satisfactorily. 

The nature of work in these stages are different, and the competency of an auditor is 
therefore  required to  cover a wide spectrum of knowledge and skill. 

2 



4) Competency of Auditor 

The competency of a safety auditor can be divided into two main areas, i.e. technical 
and human aspects. 

On the technical aspect, auditors should have  adequate knowledge of  the disciplme 
that he  is going to audit on, has  the ability to recognise differences or deviations such 
as layouts, correct  usage,  performance,  practices,  etc. 

On the human aspect, auditors must understand that auditees may  not  be positive 
towards audit. They could perceive it as extra work or a fault finding mission. 

Disputing audit  findings is expected, illogical arguments put forward by audltees is 
also one of the usual scene an auditor is expected to encounter.  Therefore, to make 
progress under such difficult situation, auditor has to be mature, tolerant,  diplomatic 
but firm in  dealing  with such situation. 

It  is not difficult to recognise the above requirements. It is also easy to conclude that 
an experienced railway engineer could meet the requirements in technical 
competency. However, safety services  set-up is usually a small set-up and  belongs 

to suppon  services  in a railway organisation. Being a support  service, it does not 
possess hardware of a railway and  therefore it could not provide hands-on exposure 

or learning  opportunity  for its auditors.  Therefore, in order to recruit an  auditor 
meeting the requirements of  technical competency, the likely feasible option is to go 
for internal sourcing  from the engineering services. There would be resistance from 
the supervising manager  for releasing his competent engineer. Equally, the engineer 
would be reluctant to join as auditor which is not a pleasant job and worse, the career 
prospect  of an auditor could not match  that of his counterparts in the  engineering 
services. Furthermore, without the hardware,  it  also  could not provide the job 
satisfaction to a practising engineer. Therefore,  there is no surprise that a safety 
services set-up is unable to attract a technically competent personnel to join and 
become an  auditor. 

I i  

Regarding the other area of competency, i.e. human aspect, it is common that  an 

engineer who is good in  technical work may  not  be as good in  the human aspect. An 

engineer who is also good in human aspect has plenty more better options than to join 
safety services. 

5)  Independence of Auditor 

The next requirement is obvious and fundamental. It has two aspects i.e. 
organisanon and individual. It IS well understood in financial audits that the audit set- 
up should report to an officer who has no direct involvement in the activity of 

transaction but has the authority over  it, in most cases, he is the CEO  or the 
Chamnan of the organisation. In safety audits,  there is no established practice and 
it varies. This is beyond the control of the auditor because the decision on this  issue 

rests  with the organisation. 
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On  the individual aspect, an auditor should have no self interest in an  audit 
assignment and has no prejudice. This is  well within the control of an indwidual. 

6)  Code of Practice of Auditor 

Our auditors  observe the following: 

a) Objectivity (agaiost prejudices) 

b) Integrity (against self-interest) 

c) Competency (against ignorance and haphazard work) 

d) Confident~ality (against unnecessary disclosure to third party) 

7) External Audit 

In financial practice, external audit is usually a legislative requirement on public 
companies. However for safety management, it  is  not a common practice to engage 
external auditor. At this moment, it is also difficult to do so because of the absence 
of a common  standard in safety management  system. 

For quality system,  there exists an IS0  9OOO series on quality management system 

which is certifiable by accredited auditors whose credibility could be recognised 
worldwide  through the IS0 set-up. There is no such equivalence in safety 
management at this moment. 

Furthermore, a certification in an IS0 quality system could be the key for a  product 
to enter and  compete  in the international market. It has certain commercial value. 

It is  likely that in future, "safety" could well be an added element in the quality of 
a product. Until such time, external  audit on safety management system would 

remain a good practice of a management in obtaining an independent review for their 
own consumption. 

8) Overlaps between Quality Management System and Safety  Management System 

There are  overlaps between these wo management systems and following are the 
examples: 

0 process  control 

0 purchase  control 

0 document  control 

4 
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0 change control 

0 training 

For some of these, thelr implementatlon would require major efforts.  Therefore it  

1s best  not to duplicate these efforts. Duplication would also cause  confusion. 

One way to deal  with such overlaps would be to leave all the overlap  areas into one 
of the system, i.e.  either the quality management system or the safety management 
system. 

I believe most of you will agree with me at the present moment that there is a well 
established cenifying  system on the IS0 quality management system. But there is 

none for safety management system. Therefore,  the most logical arrangement would 
be to leave these overlaps in  the quality management system  as this  will certainly 
facilitate the IS0 cenification  process. 

Having adopted this  approach,  another  problem is whether safety audit should also 
cover these overlaps. I am of the view that safety audits should  also  cover  these 
overlaps simply because the focus of quality auditor is different from that of a safety 

auditor. In addition, in most cases safety  is  not a declared objective of an IS0 system 
and therefore, the quality auditor could not be held accountable for “safety element” 

in his audlt as it does  not  exist. On the other hand,  a safety auditor  could not 
professionally declare  that the safety effort in  these  overlap  areas are satisfactory 
and acceptable without evidence to  support  such  observation.  Therefore,  safety 
audits  are clearly needed in these overlap  areas. 

August 1996 
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1. The Two Approaches that Guarantee Railway Safety 

One of the characterishc  features of railways  since  their creation has been 
that they  were owned by big  nabonal  compames  attached to the regulatory 
authoritles This is how such big European  networks as SNCF, BR or DB 
are  born. 

In that context, the Government  imposes  some  rules in  the form of  acts and 
decrees  to  these  companies, in particular for  safety. This is the regulatory 
approach. 

However,  the speclfic statutes of railway authorities have  been 

accompmed by a very important  delegation of the  Government. Thus, m 
France,  SNCF  and RAP, the only operators of structured  networks, have 
developed  their own rules internally. 

This approach on companies  mtiative is an approach  of  the voluntary 

type. 

Railway  safety is therefore  obtained by a combination of both of these 
approaches  and railways history shows that it was justified. 

2. Factors of Evolution 

Many factors have modified the  balance  between  the regulatory approach 
and  the voluntary one smce  the end of the eighties.  They are mainly 
related to the European construction and the opening  of the single market, 

to  the intemahonal  crisis and to the  almost  general privatisation of  the 
railway  networks 

Hence, for the different governments of European Union, the necessity to 
review thelr organisahon m order that the constraints brought about  by this 
evolubon shall not decrease  the present  level of safety. 

a s  presentatlon is restrictmg to the  European  aspect and to the  railway 
safety-related  systems and equipment  certification. 

The first part  tackles the  new  European  reference regulation and its 
consequences, then the voluntary  reference standards. 

Lastly, my final part will highlight partlcularly  the French situation 



3. The New European Regulation 

3.1 The European Directives 

In 1957,  the  countries  who  were  signatories to the  Treaty of  Rome 
claimed  their will  to  build a large  European market. It  rapidly  became 
obvious that this creation  assumed  the  harmonisation  of  European 
regulations. This was  the  object  of  the  Single European Act (1986)  and 
thls  is  the  major  objective  of  the  New  Approach (1985), completed by 

the Global (1989) and  Modular (1993) Approaches which  are  both 
explained hereafter. 

The New  Approach  imposes  that  the European directives restrict to 
general  requirements,  which are called essential requirements, and do 
not include  any  technical  specifications. 

The  Global and Modular Approaches complete the new approach 
system  by setting the  direction of the European certifjcation  and  testing 
policy. This policy is supported  by a number  of  modules  ranked  from 
the  simple  conformity  notification to the complex  certification  process. 

Within the framework of  the  New Approach, an independent  and 
competent  body is entrusted  the  verification of essential requirement. 
The certificates  issued by  such a notified body are valid all over the 
European Union. They are cross-accepted implicitly. 

3.2 European Railways Directives 

Until  now,  only a few  European  directives affected railways and  none 

directly.  Such a fact will change when the dvective on the 
interoperability  of  European high speed networks is implemented  in 
1998.  Moreover,  the  measures of this directives are more  likely  to be 
extended to the other modes  of  railway transport. 

Although it is not a pure  ‘new  approach’ directive (for example,  with 
reference to EC marking),  the  directive  on  the  interoperability of 

European  high speed networks uses  some tools of the new  approach 
such as the  vital  requirements  or  the  notified bodies. 



0 3.3 Links  between Regulatory and Voluntary Approaches 

The  new  approach  precludes  technical specifications. These are 
described XI the  European  standards  named  harmorused  standards. 
Standards which  come within the  voluntary approach take on a  regulatory 
nature when  they are referred by a d~rect~ve or documents  annexed  to 
directives  such as Interoperability  Technical Specifications. 

4. The Voluntary Field 

4.1  The  European Normative Process 

Faced with the  lack  of  European  Railways standards, and  taking into 

account  the  evolution  of  the redahon, the EC commission has 
mandated  CEN  and CENELEC, European  standardisation  bodies, to 
create the  European railways standards f7ame. 

TC256  from  CEN  and TC9X from  CENELEC  have  been  entrusted  vnth 
this  task,  co-ordinated by the PC-R (Joint Programming  Committee- 
Rail). 

About 70 working groups, bringing  together  more  than 300 experts, are 
given  the  responsibility of making  standards:  about 150 of them are at 
the moment  in the process of  being  drafted (the first standards  begin to 
be  issued). 

Amongst these, 3 standards are worth considering because  the  process 
for  the cert5cation of  railway  systems  and  equipment  is  going  to 
depend on  them,  and therefore they will serve as an input  for  the making 

up of  regulatory  conformity  certificates. 

These  standards  are described briefly  hereafter 

4.2 The  Standard EN50126 

prENO126  is a major top document  which does not state the process of 
approval  but  gives  the  general h e  for the development of railways 
systems in respect with their  Reliability,  Availability,  Maintainability 
and  Safety  Requirements. 



This standard  specifies a development  life  cycle  which  describes  the 
tasks that  need to be  performed  in order to  have a strict  top-down 
RAMS management  process  and  therefore necessary to obtain  the 
approval.  It  gives  also a number  of  documents  which  have to be 
produced  all  along  this  process  and  which are mandatory  for  the  make 
up  of  the approval  documentation.  Particularly, a document  called 
“Safety Case” groups all the  safety  related  documentatlctn  including  for 
example  the  Safety  Plan. 

There  are  three  types  of  Safety Cases depending on the  level  of 
approval  to  be  obtained: 

A generic  product  safety case (for  example a vital  computer) 

A generic  applicatlon  safety case, for the  generic  product  used in 
a certain type of application (for example, this computer  used in 
ATP systems) 

A specific  application  safety case (for  example  this  computer 
used in the ATP operated on the LAR line in Hong  Kong) 

0 4.3 The Standard EN50129 

prEN50129 addresses electronic  equipment  for  signalling. Its purpose 
is to  specify  the  content  of  the  Safety Cases in this specific  context. 
Therefore it derives  the  requirements  of  prEN50126  and  adapt them for 
the  development  of  railways  signalling  equipment. 

At  the  level  of a Line  Replaceable  Unit, this standard uses the  concept 

of Safety  Integrity  Level  ranged fiom 1 (low confidence in safety)  to 4 

(highest  confidence,  for  critical  equipment  only).  Safety  Integrity is 
comprised  of two components,  systematic  Failure  Integrity - which 
relates to unpredictable  hazardous  faults  usually caused by human errors 
- and random Failure  Integrity - which relates to predictable hazardous 
faults  due  to  the  finite  reliability of hardware components.  The SJL 
make  the  link  between  the  qualitative measures (as  quality 
management),  that  need  to  be  enforced  to  cope  with  the  systematic 
failures,  and  the  quantified  safety  targets. 

Thus, the standard proposes  target  figures,  methods  and  tools  which 
when  put  together  should  lead to the  achievement  of a certain  level  of 
confidence in the  safety  performances  of a given  product.  The SJL 
should only  be  defined  at a low  level  of  design  in  order  that  the 



associated  approval  document be  meaningful  with  regard  to cross- 

acceptance. 

4.4 The  Standard EN50128 

prEN50128 is focused on software aspects of signalling  equipment.  It 
uses also the  concept  of SIL since  there are only systematic faults in that 
specific case of software and therefore SIL allow to define a qualitative 
appreciatlon of the  level  of  safety. As prEN50129, this standard 
applies  the  requirements  contained in prEN50126 to the  development  of 
railways s~gnalling software. 

Moreover, it d e h e s  methods and tools to achieve a given Safety 
Integrity  Level  for  the software. 

4.5 Agreements of Cross-Acceptance 

Contrary to the certificates issued by a notified  body within the 
regulatory  framework, the compliance with non-harmonised standards is 

not  systematically cross accepted. 

But  the  signing of cross-acceptance ageements is encouraged  by  the 
global  approach, within the h e  of EOTC  (European  Organisation of 
Testing  and  Certification). 

5. The Evolution in France 

5.1 The Present Situation 

As stated  previously in the inuoduction, French  certification is 

nowadays  performed directly by SNCF and RAP Rules and 
regulations  are  very  few and very  general. 

Tne government  and the regional  authorities  give  the  authorisations to 

put  the main railway systems into  service, but they are based very often 

on the  certificates  issued by the  railway authorities themselves. 

However,  the  government  or the regional authorities can  rely, in case of 
any  doubt,  on a research  body,  INRETS (National Institute of Research 

in Transport  and  Safety),  which is the  only entity independent  from the 
French operators ulth knowledge in  the field of railways. 
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Besides,  the  role  of INRETS as far as certification is concerned has 
strengthened  for  the  last years since  many  small operators are running 
local  systems as VAL or  tramways and cannot afford an internal 

structure  of  certification 

5.2 The Directions 

French  present  situation is not  compatible  with the new European 
regulation. So the main parties involved  in  French railways have started 

thinking about the possible evolution  since the end of 1994. 

Comparisons  with  our partners m Europe, in the railways field  and  in 
many other industrial  fields,  highhghted different solutions, from the 
government  itself  taking the responsibility of the  certification acbvities 
(like  civil  aviation  and  like the option retained in  Germany  with the 
setting up of EBA (EisenBahn-Bundesht), to the total privatisation as 
it is  planned in Great  Britain. 

The  study had to take French  specificity’s into account. The first one is 
the  government  commitment to public services as  far as France is today 
the  only European state which is not  intending to privatise national 
railways. The second one is the will of the government to disengage 
from administrative processes. 

After  analysis of the various structures, the statutes of  inter-professional 
association  have  been proposed. Their features, in the sense of French 
laws,  meet  both the new regulation  requirements and the specificity’s 
that  have been expressed : 

non profit-makmg body: respect of one of the  joundrng  prmcrples of 
publlc  servlce 

Jornt body: ,marantee ojrmpartlalUy and competence 

Independent body respect of the replatzon 

At the  moment, works are being  achieved in order to speclfy the way 
this body  called ACF (railway Certification Agency) will work. Its 
statues  will  be  registered before the  end of 1996 

i 



ACF  should be founded by the main French railways actors : SNCF, 
RATP, INRETS and  FIF  (Railway  Industries  Federation). Its structure 

reminds of  AFAQ  one  (French  Association for Quality Assurance), the 
only French  body whch is authonsed  to issue IS09000 certificates. 

5 Sectoral  committees  should be set up under the  Board of  Dlrectors 
Authonty: 4 of them would  correspond  to the ITS (control, energy 
supply, infrastructures,  rolling  stock),  and  one would  be dedicated to the 

other fields. They should all be made up of volunteers fiom the 
founding societies. An assessor  co-ordinator would take  the 
responsibility of each  approval  case:  he  would  work in collaboration 
with competent  experts  and  laboratories  and put the find case to the 
sectord committee. 
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Banverket - Facts and Figures: 

Infrastructure: 

Track length total 10 000 lan 

Double  track 1400 km 
Electrified 7350 km 
Number of level crossings 10 800 lan 
Tunnels 
100 st,  total length 25 lulometres, longest 2,l km 

Traffic: 

Freight traffic 

Passenger traffic 

Staff: 

Banverket total 
Head  Office 

The Transport Policy Resolution 

19 000 million tonne-km 
6 200 million passenger-km 

6 700 persons 
400 persons 

In 1988  the  Swedish  Parliament  decided on a railway reform which 

mcluded the upgrading of the  Swedsh Railway  system.  The 10 year 
investment plan 1994-2003, which was worked out, included projects  for 

32 billion SEK (USS1=7SEK). 

E& safety was together  with  reduced  travel  time,  lower  costs,  increased 

comfort  and  unproved  environment  one of the  mportant goals  formulated 
in this plan. 

In the railway reform of 1988, the responslbillty for the railway 
infiastructure was transfemed from SH (the Swedish State  Railways)  to 
the newly founded  National  Rail  Administration  (Banverket)  The 
responsibilities  of  Banverket were  to  be  the  operahon, maintenance, 

p l m g  and  capital hauc ing  of the  State owned rail network. SJ was 

turned into a tram operator  acting  on commercial basis. 

The government issued a special regulation on  Banverkets  planning 
process which made clear that resources for maintenance and investments 
were to be used m projects  yielding the greatest possible  socio-economic 

benefits  The  socio-economic  approach were  also to be used in the risk 



evaluation process both  to decide if  risk  reducing  measures  were  socio- 
economically  profitable  or  not  and  to gwe priority to different  measures. 
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RisWAccident Evaluation according to the Socio-economic Model 

The soao-economic calculation is based on the fact that  there  is  a socio- 
economic cost in case of an accident.  The cost includes  both  material 
costs  and costs tied  to  injured  and  killed persons. 
Measures  which  reduces  material  damages  and the number  of  injured  and 
killed  can  be  regarded as a  socio-economic  saving. If the  cost  of  the 
measure  is lower than  the  calculated  accident cost the  measure  can  be 
justified according to  the  socio-economic  evaluation. 

The  cost  tied to injured  and  killed persons include productlon  losses, 
hospital  care costs and  human  value or risk  value as it is also  called.  The 
risk  value is the amount  that  individuals are willing to pay beside  the 
material  cost  in  order  to  reduce the risk  of  an  accident  with  grave 
consequences  such as deaths, serious  injuries etc. The risk  value is the 
largest  single cost component in  the cost tied to injured  and  killed.  The 
values are congruent  with those used in the road sector. 

The risk evaluation is often the most  difficult part of  the risk analysis  since 
it is  the  base for deciding weather a certain risk is acceptable or  not. In 
Sweden, no national established risk acceptance criteria’s  exist.  The 

discussion concemg “acceptable risk  level” can in  many situations be 
controversial since it includes  emotional as well as moral aspects. 

When evaluation risks and  different measures it is important  to  look at the 
system as a whole to avoid  sub-optimisation. Risk reducing  measures  on 

both  hf?astructure  and  wagons as well as in the environment  surrounding 
the  railway  must  be considered. Banverket  distinguish  between  measures 
designed to prevent  incidents  and  measures  designed  to  reduce  the  impact 
of incidents. 

Transferring traffic and improving safety at roadhail crossings 

Accident statistics are analysed and the various risks in  the  railway  system 
were  identified,  quantified and evaluated in order to determine  what  safety 

measures  would  be  the  most  effective. 

Since  financial  resources are limited it is  important to ensure  that  the 

available resources are optimally used. The safety standard  should 



correspond  reasonably on new and  existing  lines as well as on different 
objects and sechons wih the radway. 

The  risk  assessment  made showed that  the  largest  gams  of  improved  safety 
are obtained by transfernng  traffic from  road  to rail  and by elmhating or 
improvmg roadhail level crossings. 

The  background  to t h ~ s  is that safety  for passengers in  public  ground 
transportation in Sweden 1s very  high. In railway  traf€ic on average 2.1 
passengers  are killed annually  during 1985-1994 which  is  about 0 35 

killed  per 1 000 million passenger / kilometre 
This may be compared  with  the  road sector where during  the  years 1984- 
86, 6 persons  per 1 000 million  passenger / kilometre  were  lulled  annually. 

Consequently  the transfening of  passengers  from  road to rad  make a large 
traffic  safety  gain. 

I 

Accidents  at roadhail level  crossings are the  most  common type of 

accident  at train movement  in  the  railway  sector  in  Sweden. It is also the 
type  of  accident  which  leads to the  largest  number  of  killed  and injured. 

During  the  years 1983-1992, 250 persons  were  killed  in  accidents at level 
crossings. This can  be  compared  with  e.g.  collisions  and  derailments, 13 
killed,  and  accidents  with dangerous goods, 0 killed. It should  be  noted 
that 98% of the  persons  killed at level  crossings are road  users and not rail 

passengers. 

Banverket has the last years  focused  its  safety  work on eliminatmg  and 

improving  level  crossmgs. Between the  years 1989 and 1995, the  number 
level  crossings  has  decreased  from 15 800 to 10 800. This has resulted in 
a decrease  in  number  of accidents from on average 70 per  year  at the end 
of  the 1980’s to on average 50 per  year  the last three  years.  Banverket 
has  worked  out a model where its possible to predict  the  number  of 
accidents,  consequences  and costs 111 different  types  of  crossings. The 

model  includes  parameters  such as type of crossing,  train  speed and train 
and  road  traffic  volumes 

Beside  these  measures  which for safety  reasons can be  socio-economically 

motwated  the  upgrading  of the railway  system  itself  leads  to a higher 
safety  standard. Better tracks and  sleepers, the installation  of detectors 
and  the mprovement of the  signal  system leads to a reduction  of  the 

occurrence  of  initiating  faults. 
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A  number  of  serious derailments and collisions at the  end  of  the 1970’s led 
to the  introduction  of  ATC  (Automatic  Train  Control)  on  the  Swedish 
railways. ATC is an advanced safety  system for controlling train speed. 
The  effects of  ATC are shown IU a  significant decrease of collisions  and 
derailments. 

Improving the Risk Value 

Banverket is  co.-financing  a  research  project  aiming  at  improving  the risk 
value.  More  detailed  knowledge  about  the  evaluation  of  accidents wth 
different  degrees  of seriousness is essential. The  aversion  to  one  accident 
with  large  consequences seems to  be bigger than-for many  small  accidents 
with  the  same  total  extent of damage.  The  amount  of  control  over  the 
situation  and  the  degree of voluntaries are other factors which  influence 
the risk  evaluation.  Today  Banverket uses the  same  value  for  every  human 
life  saved. 

Method for Risk- Analysis of the Transportation of Hazardous 

Materials 

During  several  years the risks arising  from  the  transportation  of  dangerous 

substances has been  in focus. This despite the fact that during  the last 50 
years no  person  in Sweden has been  injured  or  killed due to  the 
transportation of dangerous goods by rail.  However in case of  an  accident 
the  consequences  may  be severe. 

The National  Road  Administration,  Banverket, SJ among others co- 
financed  a  research project dealing  with  risks from the  transport  of 
hazardous  matenals  on  road  and  railroad. The aim of the  project was to 
develop  a  method  for : 

estimating  the  number  of  accidents  which  can be expected  to  occur 

estimating  the probabilities of a  number of possible  event 
sequenceslscenarios  and ther consequences in case of an accident  and 

calculating  the  expected  economic costs of an accident. 

Possible  measures to reduce risks, either  by  decreasing  the  probability of 
an  accident  or by mitigating  the  consequences of an  already  occurred 
accident,  are  discussed 111 all  four  parts  of  the project. 

One important  result is that  economic costs of accidents which  could be 
expected  due  to  the  transportation of hazardous  materials  were  found to be 



comparatively small. The  cost  effectiveness analyses  showed that 
precautionary measures  such as establishment  of  safety  areas  can not be 
jushfied on the grounds  of  reduced  costs of accidents employing an 
ordmary evaluation of  personal  injuries  based on traflic economcs 

Another result 1s that it is not justifiably  possible to say that rad 1s safer 
than road or vice versa.  The most  sultable  mode of transport must be 

determined for each  specific  transportation  task. 

Ongoing Studies 

Beside the already  menhoned  study on improvmg the risk value Banverket 
are working on a hand book  for nsk analyses in comechon  \nth the new 
constructiodplanning  of  railways. In this handbook the experiences from 
the  work so far  with nsk assessment  and  risk evaluation will be gathered. 

In Sweden the planning  of  new  railway lmes are regulated m “The 
Railway Planning Act”. According  to this Act an Environmental Impact 
Assessment are  to  be  made when making a “Railway Plan”.  There are no 
corresponding  legislative  demands c o n c e m g  risk  assessments.  Despite 
this fact risk assessments  are often made in connection  with  larger railway 
projects. 

The extensive building of new  railway lines  also  include the building of 
new tunnels. In a few  years there will be over 150 tunnels with a total 
length of 70 km (longest 8 km). An ongoing  study  is  aiming  at improving 
the method for analysing  and  evaluatmg  risks  in  tunnels.  The ambition is 
that it should be as safe  to travel  in  tunnels as on the rest  of the railway 

net. 
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RESKPROFILING A RAILWAY LINE: 
TEE SPOORNET EXPERIENCE. 

KNTRODUtXION (See FIG. 1) 

The  traditional  approach to risk profiling  is to place  the  spotlight on catastrophic losses. 
With this view  it is accepted  that  the  high  frequency low intensity losses are well known, 
clearly identified and  under  control. 

Mindful  of  the  definition that  a risk profile  describes  the relationship between  the 
frequency at which losses can occur and the consequenm ( i.e. severity) that  may  be 
expected  if  these  losses  do realiie,  a process was developed,  using  the  principles of risk 
profiling,  to  make  the  hidden losses - &at are so readily  accepted as unavoidable - 
visible. 

The  process  was to use accepted risk profiling  principles,  adapt  and  apply  them  in  order 
to determine  the iduence o€ pure risk on the business. This meant that  a  wholistic 
picture  had to be  drawn to enable the v i sua l ion  of the matrix effect of incidents  (even 
though  they  may  not  have  been  identidied as an incident) on the core business. 

The  normal risk distribution w e  can be  divided  into  four sections (the  four-T's) 
namely: 

is the TOLERATE sector  that  denotes risks that do  not  warrant  more  effort  and ' . 

fiance to improve  management  thereof.  Monitoring  the  situation  is  the  crucial 
management  activity. 

0 the 'ERANSmR area that typically  describes the field  where  catastrophic  failures 

can be  expected  and  where the manager will seek survival  support  through  the 
purchasing of insurance. 

3 any  activity  that  measures in the TERMINATE zone  should  receive  immediate 

management attention  and if improving  the  situation  through  the  improvement of 
controls s m s  inevitable,  consideration  to  terminate  the  activity,  should  be  given. 
In this  quadrant  the  frequency of losses and  the  realised (or expected) 

consequences are of such  a  nature  that  survival  is  regularly  at  stake. 
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RISK PROFILING A RAILWAY LINE: THE SPOORNET ExpERDENcE. 

* even  though  all the segments  of  the  four-T’s  have  received  attention  in  the 

Spoornet risk profile  study  this  presentation  will mom in on  the  detailed  analysis 
of  the TREAT  area. This  is  the  area  where  both  management  and  supervisory 
“good  practise”  is  crucial.  The  approach  was  that  the  quality of work can be 
improved by exposing the activities  and  influences  and  then  concentrating  efforts 
on the right  procedures etc. 

TEE PROCESS (See FIG.2) 

Profiling the “TREAT” area  was  developed  along the following  route : 

* identify  the  most exposed andor vulnerable  activities.  These  were  called “soft 

spots”. This was done  by  means  of  entity/process  profiles. 

* identify through the study  of  historical data, areas  where losses occur  and  the 

frequency of occurence.  These  were  named “hot spots”. Hot  spot  identification 
was  done  by  the  development  of a  binary  event tree (the  binary  event  tree had 
either  a “yes”  or a  “no”  answer  to  every  question).  When  a  hot  spot  and  a soft 
spot  overlap  it is interpreted as a  looming  catastrophe  and  immediate  attention 
warranted. 

* the  results of both hot spot and soft spot area studies were  verified by  discussions 
with  the  operational  personnel  concerned.  The  objective : to confirm the  accuracy 
of the information. 

* research was done to establish control mechanisms  through  which  the  hot  and . 
soft spots can be  managed or management  thereof  improved, 

and 

* conclusions and recommendations were  formulated. 

In some  instances it was discovered  that  the  hot spots could  not  be  clearly  identified 
while in other  situations  control  measures  were  either  absent  or  not  clearly  identifiable. 
The  judgement of knowledgeable  employees  from  different  disciplines,  to  enable  the 
formulation of practical  solutions  proved  to be  of  utmost  importance. 

> I ’  
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RISK PROFILING 

IDENTIFY THE “SOFT  SPOTS” 

(ENTI” PROFILE) 

IDENTIFY THE “HOT SPOTS”. 

(BINARY EVENT TREE) 

PERSONAL  JUDGEMENT 
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RISK PROFILING A RAILWAY LINE: THE SPOORNET EXPERENCE 

TEfE SOFT SPOTS (See FIG. 3 and FIG.4 ). 
A wholistic  picture of the soft spots was  created in two steps. 

STEP ONE. 

The first  step was  to  view the  final product  (output) of the ultimate  process (running a 
train) from  the  asset  utilisation  perspective. 

* after choosing a physical / geographical “cut””) to place  under  the  spotlight,  all 

the fxed assets  available to produce  the  output  over  the  “cut”  were  written  in  a 
block in the  centre of the  page. 
(’) A “cut” is a  selected  physical section of the  railway l i e  that will be examined, 
evaluated  and  profiled. 

Typical  fixed assets listed  were : 

the  perway 
electrical  overhead  power  supply  equipment 
signals 
communication  hardware (Le. relay  towers etc.) 

on-rail equipment  0.e. hot axle boxes & dragging 
equipment  detectors ) 
bridges,  culverts, cuttings etc. 

* identify  and  list  the “internal” inputs  that will have an impact  on  the inhstructure 
in order  to  produce the output. 

Typical  “internal”  inputs  were: 
tractive  effort  (I.Oc0motives) 
human  resources (employes) 
expertise 
wagons. 
etc. 
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RISK PROFLING A RAILWAY LINE: THE SPOORNET EXPERJENCE. 

* list  the  external inputs. These  were  the  resources  that  are  bought or contracted 

into the  process  under  scrutiny. 

Examples  are: 
electrical  power  supply 
maintenance  contractors 
time 
hired  loading  facilities 
etc. 

* write  down  the  waste 1 by  products  that  are  produced  during  the  operation. 

Examples: 
dust 
noise 
delays  (wasted  time)  and 
wreckage’s  (from  accidents) 

STEP Two. 

The  next  step is to  do a  risk  assessment  by  carefully  analysing  and  evaluating  every 
element  identified  and  listed in the entity/process profile. A physical examination and 
inspection of the entire  route is absolutely  essential for the successfull  handliig of step 

two. 

To  assist  the  process  the  elements that could or could  not be influenced  by a  failure  of  the . 
element  was  catagorised as follows: 

* factors  that can negatively  influence  the  population living near the  railway line 
were  considered  and  evaluated under the heading “SOCIETY”. 

* factors concerning the  people  (employees  and  contractors)  that  work for the 
railway on the  “cut”  under  consideration  was  considered  under  the  heading 
“EMPLOYEES’ 

* all  assets  both, fixed and  movable,  were  evaluated  under “ASSETS. 

* third  party  interests  are  under “LIABIU”. 

I 
‘i 
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RISK  PROFILING A RAILWAY LINE: THE SHXlRNET EXPERIENCE. 

* the  market  related  matters  such as loss / potential loss of  market,  image  etc.  were 
categorised “BUSINESS”. 

* the  availability  or  unavailibility of spare or  alternative  capacity  was  considered 
under “CAPITAL”. 

* “PURE FINANCIAL” contained  those  elements that could  be  critical to the 

income  statement. 

and 

0 in the “PROCESS c o l u m n  considerations  were  based  on  those  factors  that 

impacted on the  core  processes. 

A few examples  of the type of questions  that  were  asked  are: 

ASSETS: 

How critical is the particular asset  for the process? 
Possible reasons for a “non  critical” answer. 

alternatives  available 
spare  capacity 
easy to replace 
etc. 

If control of the  process  fails  will the effect  on  the  public  be serious? 

Factors  to  consider: 
population  density 
type of product 
type of incident that can occur 

political  environment 
social  activities  in  the  vicinity 
etC. 

A criticality  picture  emerged as the process  of  assessing  every  identified  element  (refer to 
the  entity  profile)  proceeded and elements  were  classified  critical  or  not  critical, 
measured against  the  above  type  of  criteria. 
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RISK PROFILING A RAILWAY LINE: THE SPOORNET EXPEWENCE. 

In order to  also  consider the possibility of elements changing from  non  critical to critical 
it was  decided to have  a third category of “moderate”  criticality. As a  refinement of the 
process,  consideration was given to the influences that may  swing  moderate to critical 
(aggravating  factors). If the aggravating factors were considered an added  threat  the 
element  was  redefined as critical. This action obviates the possibility of underestimating 
the critical  factors. 

The  points on the  risk assessment matrix that became critical were circled and  identified 
as “SOFT SPOTS. 

The mere fact that  the soft spot identification  and  evaluation  process is done 
systematically and logically very often provides enough information  to be able  to  address 
the management  procedures  and to develop remedial and  performance  improvement 
actions. 

THE HOT  SPOTS. (See FIG. 5) 

Hot spots are  identified by systematically analysing historical data. 

This was  done  through the development of a binary event tree. The analysis  was 
conducted from a  business risk view point  and in order  to distinguish the sales part of 
railway  business  from “time- and place value” - added and to enable the modelling of 
every  individual  vehicle  (wagon),  a  production unit was defined. 

A production unit is defined as : A WAGON TRAVERSING THE ENTIRE 
SCHEDULEDLINE(R0UTE)WJTHINTBESCHEDULEDTLME. 

From  this  definition the top event was defied as: 

TOP EVENT: 

ANY DEVIATION, IRRESPECTIVE OF REASON, FROM THE 
SCHEDULED ROUTE AND TIME. (Time, in units of 30 minutes was used as the 

measurement). 

To highlight  the  implications of these  definitions  a few examples  are quoted: 

* if one  wagon  on  a  load of 100 wagons fails and the full load is delayed 

and arrives one hour late at the destination then the top event was 1 x 100 = 100 

production  hours  lost. 
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PRODUCTION  UNIT :- 

A wagon traversing  the  entire scheduled 
(route) within  the  scheduled time. 

line 

TOP EVENT :- 

Any deviation,  irrespective of reason, from the 
scheduled route and time. 



RISK PROFILING A RAILWAY LINE: THE SpoORNET EXPERIENCE. 

* the  same scenario as described  above  but the load  arrives  at  the  destination on the 

scheduled  time. It is considered  that  the control and  corrective  measures  operated 
satisfactorily  and there was no top  event 1 

I * as described previously the entire railwayline  was  divided  into  “cuts”. In the case 

of a run - through section the departure point and time  was  taken  at  the  point  of 
entry into  the section and the destination  point  and  time  at the point of exit 
(leaving)  the  cut I 

TEE BINARY EVENT TREE (See FIG.6) 

The binary  event tree also supplied a reason that can explain  every top event.  Reasons 
were only  allocated after  the careful and detailed  scrutiny of all the  available 
documentation  and other information. 

* The  documents that  were studied  included all log sheets  and  log books 

All on-train documents such as train delay statements 

technical  and 
operational documents ( train compilation  and train brake certificates, 
drivers works orders etc.) 
All train arrangements and  operating records /files. 

and 

Individual  incident files and  statistical records. 

The development of a binary event tree depends on the prerequisite  that all questions 
must be structured  such that  the answer can only be a “yes” or a  “no”. 

Examples: 

* can the  top event  be ascribed to a human “failure”? If “yes”  log the time 

allocated. A human top event must be clearly  distiguished  from technical, 
environmental or poor system  arrangements. 

I 
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* the  second  phase dwelopment is to ask if “people”  are  involved  can  it  be  due to 

the failure of the individual ? If “yes” - log.  Possibilities  are, failure to  arrive for 
work,  an  accident  en  route to work,  fell ill etc. 

* the  third  phase is to ask If the individual is responsible, can it be due  to  what 

basic  cause ? (Example:  lack  of, wrong, to long ago  etc. Illustration:  Driver 
cannot  continue with train due expiary  of  roadknowledge past crossing pint). 
Again log if “Yes”. 

In order  to also establish the consequences  of all the “yes” logs  the time allocations  were 
divided  into  time  units of 30 minutes per unit. i.e.  all  top events within one to thirty 
minutes  in the “units” of 30-minute,  all  events from 31 minutes to 60 minutes  into  the 
next unit, ect. (See Fig.7) 

The units are: 

1 to 30 minutes 
3 1 to 60 minutes 
61 to 90 minutes 
91 to 120  minutes 
etc. 

The fmal step in this analysis is to calculate the frequency of the occurrence. Frequency 
is expressed as a ratio of the number of times that any  of the top event failures realised  vs 
the total number of activities that occu~red 

Illustration : If two x 30-minute top events occurred on ten trains each  consisting of 
one  hundred  wagons during a period that one  hundred trains of  one  hundred  wagons  each 
rantheratio is : 

number of events (Le. 2) times  number of production units influenced 

divided by the total production possible (100 * 100 = 10000) therefor 
0.02. 

(2 * 100 = 200) 

The closer this calculated value comes to one, the  hotter  the spot becomes. One will 
in fact say that every time the activity takes place a loss will occur. A figure 

0.000001 says that, on average, every millionth repetition of an activity there might 
result in a loss. 
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THE "HOT SPOTS" 
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RISK PROFILING A RAILWAY LINE THE SPOORNET EXPERIENCE. 

From these  calculated figures it is possible to draw  risk  distribution curves. 

Superimposing  the graphs drawn for the different top  event  classifications  the  final 
graphical  picture  details  the relative influence of each  roleplayer. (See Fig.8). 

With this  information at hand it is fairly easy to decide on performanse  standards and to 
spesify the  required output. The difference  between the standard  and  the  output (as 
represented  by  the graph) is the shaded  area on Fig.8. 

coNTRoLMEAsuREs 

The study of the  control  measures is a  completely  different exercise that  should  be 
undertaken. It is  however  not the intention  to  discuss it as part  of this presentation. 

CONCLUSIONS (See Fig.9) 

POSITIVE 

* The  results of the study is based on historical  facts. Factual information and 

conclusions are devoid of the emotional  implications  of opiniom and  deductions. 
It is  therefore more acceptable  and less likely to  be disputed. 

* Generalities are eliminated. The factual  results are focused, clear and e n a b l e s  the 

setting of goals  and  standards. 

* The  measurement is repeatable.  It is possible to measure  precisely the same 

elements  and factors in future. By  changing  a  single  element,  even if it is not a 
directly  measurable  element, the influence of the element is measurable  in  the end 
result. 

* As a tool the result can be used  in the support of numerous other projects. For 

instance : decisions on capital investment can be greatly  improved if factors  such 
as the  possible elimination of hazards or the creation  of  new hazards can, to a  fair 
degree of accuracy,  be foreseen. 

NEGATIVE. 

* The  process  is labour intensive  and time consuming. Therefore expensive. 
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PROJECT SAFETY  REVIEW - 
A LIFE-CYCLE APPROACH TO  SAFETY  MANAGEMENT 

LOH  CHOW  KUANG  MSc(Transport  Eng),  BEng(Civil), MCIT 

Manager, Safety Assurance 

Land  Transport  Authority, Singapore 

ABSTRACT 

The  Land  Transport  Authority  (LTA) 1s responsible for planning, designing, 
building,  operatmg  and  maintaixung rapid transit systems in Singapore, as well 
as to regulate the operation of these  systems which cover both mass rapid 
transit and  light rail transit. To achieve a high level of safety in the 
development and operation of rail  systems in support of its vision for a world 
class transport system, LTA has recently embarked on a major project to 
develop an integrated Safety Management  System, known as Project Safety 
Review.  This is to facilitate systematic assurance of safety at various stages of 
rail projects throughout the projects’  life-cycle, from inception through 
implementation  till disposal. This paper provides the background of the SMS 
development  and outlines the proposed framework of safety regulation, safety 
validation and  other  management processes for safety assurance. 

INTRODUCTION 

Roles of The  Land  Transoort Authoritv 

The Land Transport Authority (LTA) is a Statutory Board formed by the 
Singapore  Government on 1 September 1995 by  merging  all the public sector 
entities in charge of transport, le: 

a) Roads & Transportation  Divlsion of the Public Works  Department, 
b) Mass  Rapid Transit Corporation, 
c) Regmy of Vehicles, and 
d) Land Transport Division of the Ministry of Communications. 

LTA’s mssion is: 

‘to  provlde a quality, integrated and efficient  land transport system which meets 
the needs and expectations of Singaporeans, supports economic and 
environmental  goals,  and  provides  value of money’. 

Land Transport Authorq 1 Slngapore 
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Under  the new Rapid Transit Systems Act, LTA is responsible to  plan, design, 
build, operate and maintain rapid transit systems in Singapore,  as well as to 
regulate the operaoon of these systems  which cover both  Mass  Rapid Transit 
(MRT)  and Light Rail Transit (LRT) or  other  people-mover  systems. 

LTA  has spelt out in a White Paper  published in early 1996, its strategies to 
provide a world class public transport system for Singaporeans of which the 
comer stone is a comprehensive rail  network comprising MRT  and LRTs. It is 
envisaged that there will be at least 160 kms of MRT and LRT in Singapore 
over the long term inclusive of the existing 83-km MRT and the new 8-km LRT 
and 20-km MRT lines currently being  constructed. 

Rail Industrv of Singapore 

In Singapore, there are four key players in the  rail industry: 

LTA plays the role of infrastructure developer and is responsible for the 
planning, design and construction of rail systems. Completed systems 
will be handed over to private operators  to operate and maintain. 

LTA also plays the role of rail regulator  and infrastructure controller and 
is responsible for granting licences to private rail operators and for 
ensuring that the licensees provide  and maintain an adequate, safe and 
satisfactory service. It is also responsible for controlling  the activities 
taking place on or associated with the rail infrastructure. 

Private operators play the role  of  service providers and are responsible 
for the operation and maintenance of rail systems. Currently, Singapore 
MRT  Pte  Ltd is the private operator of  the existing 83-km MRT system. 

The Public Transport Council plays  the role of industry watchdog and is 
responsible for approving the fares of rail services and for monitoring 
the service performance. 

Safety of people using and  engaged  in  work on the rail systems is regulated by 
two  principle legislations, namely: 

Rupd T m m t  
on safety of persons using or engaged in work  on a rapid Systems Act 

It empowers LTA  to,  among other things, impose conditions 

transit system in granting a licence to an operator. 

These are administered by the Ministry of Labour and 

Land Transport Authonty 2 Singapore 
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Life-Cvcle Approach 

LTA is in a rather unique situation where it has dual  roles  in connection with 
rail projects, one of development and the other of regulanon  and  control. These 
roles requlred LTA to assure the safety of Its own actimties as well as those of 
service providers, during the  entire life-cycle of rail projects. In view of thls, 
LTA is developing an integrated SMS, known as Project Safety Review (PSR) 
for systematic assurance of  safety at various stages of rail projects throughout 
the projects’ life-cycle, from inception through implementation till dlsposal. 
This paper provides the background of the SMS development and outlines the 
proposed framework of  safety regulation, safety validation and other 
management processes for safety assurance. 

DEVELOPMENT OF  PROJECT SAFETY REVIEW 

Purpose  of PSR 

In a  rail project, safety-critical activities are undertaken at various stages during 
the project’s life cycle. The key stages are: 

concept development/planning 

desigdengineering 

construction 

testing & commissioning 

operation and  maintenance 

The purpose of developing the PSR is to have a  single integrated SMS that 
cover all the activities during the various stages of rail projects, canied out  by 
both the developer and  service provider, and provide a  robust framework to 
ensure that safety is  rigorously considered and that risks are identified, 
ellminated, controlled or mitigated in the system developmentloperation 
process. 

Implementation of PSR will enable formal control mechanisms and 
management processes to be established to: 

systematically identify, evaluate, control and  manage all safety  risks 
associated with a rail project 

ensure  the parties undertaking safety-critical activities have the 
commitments and resources to manage safety effectively 

clearly assign the responsibilities for  safety 
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self regulate LTA’s own activltm that affect safety 

explicitly and formally document the safety issues addressed and 
decisions made during the development process 

facilitate audits on compliance and monitoring of safety performance 

provide comprehensive documentation c o n f i i g  the safety dunng 
the development process for reference by the operators and 
contractors 

objectively evaluate the cost and benefit of safety measures 

drive the process of continuos improvement in safety 

Benefits of PSR 

The benefits of implementing the PSR include: 

avoid late-stage changes and abortive works 

avoid imposition of constraints on system operation through 
elimination of hazards during the system development process 

enable optimum selection of design and operating options 

ensure high rellab~llty and availability of systems 

facilitate the development of operational, maintenance and 
emergency procedures 

ensure consistent understanding of safety requirements among all 
parties involved in a  project 

promote positive safety culture and safety awareness 

enhance public confidence on  and acceptance of the systems 

Elements of PSR 

A multi-discipline project team was formed in May 96 to spread head the 
development of PSR. A PSR Manual is expected to be produced by end 96 
which will serve as a reference document  for  future implementation of PSR, 

PSR  is intended to  be goal-based and hence it will not be over prescriptive. It 
addresses three key aspects of safety management, ie commitments and 
resources, management controls, safety standards and criteria. Vanous 
elements of PSR to  be developed are shown in  Fig. 1. 
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PROJECT  SAFETY  REVIEW VSR) 

I I I 

Commitments & 

Resources 

Safety Policy 

Safety Organisation 
Structure 

Responsibilities for 
safety 

Arrangements for 
resolution of safety 

issues 

, mnagernent 

' controis 

Safety Regulatory 
Process 

Safety Submission/ 
Validation Process 

Safety Monitoring & 
Review Process 

Safety Audit Process 

I 

, Strtndardsa , 

. Criteria ~ 

Safety Standards 

Safety Criteria 

Risk tolerability 
(ALARP region) 

Safety Targets 

1 1 
I Project Safety Review Manual I 

Fig. 1 Elements of Project Safety Review 

FRAMEWORK OF PROJECT SAFETY REVIEW 

PSR  is based on structured management cone01 processes and clearly defmed 
responsibilities and  roles of the parties involved in rail projects, ie: 

Developer (LTA) 

Service Provider  (Private Organisation) 

Safety Regulator (LTA) 

The concept is illustrated in Fig. 2. 

The ;ole of the  Safety Regulator is to develop the safety policy, set safety 
standards, risk tolerability criteria, performance targets etc. Its primary 
responsibility is to assure safety. To avoid the possibility of conflict of interest, 
the Safety Regulator  will be an independent department within LTA that will 
not  have responsibilities for planning, designing and constructing rail systems. 
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Developer or Service Provider has primary responsibility for achieving safety. 
They are to provide a demonstration to the Safety Regulator that an adequate 
level of safety will be or  is being achieved. Two key aspects to be 
demonstrated are: 

Hazards/Risk - These must be identified and understood. The risk of 
harm to persons must be at a tolerable level  and must  be as low as 
reasonably practicable. 

Business processes - These must explicitly provide for the management 
of safety by  means of an adequate SMS 

Safety Regulator is to review the safety demonstration by  the Developer or 
Service Provider and to either accept  or reject the demonstration. Safety 
Regulator may also cany out compliance audits and  conduct accidendincident 
investigations. 

Safety Pol~cy 

Safety 

Standards 

R s k  Cntena 

Safety Targets 

REGULATOR Has pnmary 
responshdlty for the 

Demonstration 
of safety t t  Review, acceptance, 

compliance audlhng & 

invesagations 

DEVELOPER 

KTAJ 

OR 

SERVICE PROVIDER 

(Pnvate Organlsatlon) 

Fig 2 Concept of Project Safety Review 

Safety demonstration will be in the form of  formal safety submissions. Such 
submissions are required at key stages of a project as  shown in Flg. 3.  
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Project Phase Submissions  Assurance  Certification 

Technical 

Concept 
Procedure Lequirements 

Reliew and -+ Conceptual so/ety Submrssron -+ 

Control 
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f 
4 Acceptance 

_ _ _ _ _ _ _ _ _ _ _ _ _  _ I A u d i t i n g ]  

;pecification 
&Detail 
Design 

Desrgn k f i p  Submmron - Technical 

-+ R&ew  and 
Procedure 

Control 

_ _ _ _ _ _ - - _ - - - -  
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I 

1 
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zonstruction 

ommissionin H 
Technical 

Review and 
Procedure 

Control 

Testing & Construction snfep Submssion 

1 I 

I I  
I I I 

Acceptance 

f 
_ _ _ _ _ _ _ _ _ _ _ _ _  4-1 

ilterations & 

Disposal + 
Mod$cohons  and 

Decommrssronrng Safety 
Submrssron 

Fig ? Framework of Project  Safety Review covering 
the key stages dunng a project's life-cycle 
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The safety submissions will  need to address or justify the following issues: 

safety  management  system 

safety principles 

safety standards 

safety criteria 

As  shown  in Fig. 3, acceptance of safety submissions is a necessary  condition 
for a project  to  proceed  or an operation to commence. 

The entire PSR process will be integrated into  the existing engmeering and 
management processes to  avoid unnecessary bureaucracy and paper works. 

CONCLUSION 

The Land Transport Authority  is responsible for both the development and 
regulatlodcontrol of rail systems in Singapore. It is currently developing an 
integrated SMS known as Project Safety Review, to systematically and 
rigorously assure the safety  of rail projects throughout the projects’ life-cycle, 
from inception through implementation till disposal. It covers the activities of 
LTA  on its own as well as  those of service providers. The ultimate objective is 
to have a robust SMS to  enable a high level of  safety performance is achieved 
in the development and  operation of rail systems, in support of LTA’s vision 
for a world class transport system. The PSR is still being developed  and more 
details will be available at a later stage. 
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Systems  Assurance - Design & Implementation 

Andrew McCusker, Operations  Engineering  Design  Manager 

Ir Percy T.F.Kong, Systems  Assurance  Manager 
BSc,  CEng. MITD. MIEEE,  MIMechE. FBIM 

BSceng), CEng, MIEE, MHKIE 

Hong  Kong Mars Transir Railway Colporation 

SYNOPSIS This paper  describes the functional  operation of the Systems Assurance process with partlcular 
emphasls on the System  Operational Analysis leading to the design of Integrated System Test and  Contingency 
System  Test.  Business success is not mandatory. System testing is a risk reduction process that requires the 

phase.  Case  SNdy  examples  concerning the tunnel ventilation system are discussed regarding the integrated 
same intellectual power as system design. System testing can only be effective designed at the acquisition 

system performance of systems  in operation (hardware, software, liveware and management ). Fare-paying 
system  users shall be the focus  of any improvement  incentives.  Business I professional ethics and social 
responsibilities are the  emergent issues. 

1. INTRODUCTION 

1.1 OperatingRailway 

the most densely populated  areas in the world with 
The Mass Transit Railway  was built through one of 

minimum disruption to the local environment. 
MTR rum through the most densely populated 
residential and commercial areas of Hong Kong 
Island  and  Kowloon. 

The overall route length  of  the  system is 43.2 km 
and consists of three  lines. Each was built at 
different times and the first passenger service came 
into operation in late 1979. There are now a  total 

trains consists of eight interlined carriage with open 
of 38 stations, 28 of  which are underground. MTR 

access all the way through. 

The trains have a  top  speed  of 80 km/hr and  an 

waiting time of trains is less  than 2 minutes during 
average cruising speed of 33 kro/hr. The average 

peak hours and run 19 hours, 7  days  a  week. At 
present, the MTR carries  over 2 million passengers 
every  weekday  and  over 80,000 passengers I dir I 
hour ma!ung it one of the buslest  in the world. 

1.2 Safety Management Development 

Emanating form a  review on Safety Management 
Progress in the Operations Engineering Department 
in 1991, a need to more fully analyze the systems 

that the railway engineering systems, including 

and system interfaces was identified. To ensure 
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human operators, will respond as required, 
particularly under degraded or emergency 
conditions, it is recommended that a measure of 
upgrading in engineering suppon be established - 
the evolun'on of System Assurance. 

2. SYSTEMS APPROACH 

2.1 Concept of a System 

A system is defined as : 

" A set of components interannected together in 
an organised way in such a way as to accomplish a 
specific function at a set level  of performance ". 

The systems approach begins with the identification 
I definition of needs. Accordingly, the mission  and 
objectives of Systems Assurance are tailored to 
meet the business objectives. 

2.2 Systems Engineering 

The Process 

Systems engineering is a  process that has only 
recently been  recognized to be essential in the 
orderly evolution of man-made systems. It involves 
the application of efforts to : 

. Transform an operational need into a 

description of system performance parameters and 
a preferred system configuration thmugh the use of 
an iterative process of functional analysis, 
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evaluation ; 
synthesis, optimization. definition. design,  test, and  Based on the captioned concept, an attempt has 

been made to design a process to re-engmeenng the 
MTR system. . 

and assure  compatibility of  all physical, functlonal, 
Incorporate related technical parameters 

and program interfaces in a manner  that optlmzes 
the total system definition and design ; and The  nussion statement IS : 

. 
reliability,  maintainability,  manabllity, 

Integrate performance, producibility, 

englneering effort. 
supponability,  and other specialists mto the overall 

assure a balance of efficiency and effectiveness ( 

In shon, the Systems Engmeenng is a process to 

TQM  environment. 
value for money ) in practical terms under the 

2.3 Potential Benefits 

The potential benefits of adopting systems approach 
are : 

To minimise inherent defects ; 
To minimise engineenng  effort and 

To  minimise  design,  operations, 

To maximise utilisation of available assets 

To maximise system users' satisfaction. 

schedule ; 

maintenance and support costs ; 

including people ; 

3. SYSTEMS ASSURANCE 

3.1 Management Philosophy 

avadable  to the system users are in a continuous 
" To assure that the railway engmeering systems 

ready state so as to attain precaution,  preventlon 
and protection of high-level hazards in a proactive 
and cost-effective manner " . 

DependabiIiry is the focus of analysis. High-level 
hazards refers to failures bavlng s ipf icant  impact 
on business and system users m terms of safety and 
service provislon. 

Obiectives 

The prime objectives of Systems Assurance are : 

To detect system hidden  failures ; 
To identify system weaknesses ; 
To verify and validate system  performance 
To predict system performance ; 
To define effective maintenance policy. 

The operating strategy of  System Assurance is : 

" To integrate the functions of hardware,  software, 
liveware, and management in its operating context" 

Svstems Manaeement Re-eneineering Differenrimion by hardware  for efficiency and 
integration by function for effeaiveness. 

not recognized in the past railway projects. 
The significauce of Systems Engmeering process is 

Goal 
Business success is not mandatory, systematlc 
failures are likely to have been built-in before the The goal of Systems Assurance is : 
systems become operatlonal 

The methodology of Systems Management Re- effective for purposes dunng the  whole  life  and 

" To assure that systems and people remam 

engineering is adopted : renewal cycles ". 

modification of the internal mechanisms or 
" The examination, study, capture, and 3.2 F'rocgs 

functionality of existmg system management The Systems Assurance consists of eight steps : 
processes and practices in an organzation  in  order 
to reconstitute them  in a new form and with new System Operational Analysis 

features, often to take advantage of newly emerged 
organisational competitiveness requirements, and This f i r s t  step  is to analyze and r e - t h i i g  the 
often through use of new and emerging msslon & functions of systems in  operation 
technologies. " fundamentally, by constructing the System 

Diagrams, System Operational Flow Diagrams (Rg. 
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1 & 2) and to analyze the system functional 

and prorecrron. 
interfaces in t e r n  of :power,  control. monironng, 

System  Hazard Analysis 

Thls step mvolves looking for cntlcal systems that 
failures will have slgmficant impact on business, 
system users and deterrmning the improvement 
opponumties by makmg balanced judgement on 
whether it will be beneficial to invest resources on 

hazards (risk) and failure  modes, estimating 
analysing the system functions, predictlng potential 

potentlal loss saving, and the feasibility of verifying 
/ valldating the hazards. 

System Test Specification 

This step defmes  the general strategy of identifying 
potential problem areas, testing methodology 
adopted, setting priority of function testing, test 
case dimensions, test areas and testable items. 

Man-Machine Interface A M ~ Y S ~ S  

on the  five usability attributes of leamability, 
For the system under test, a prel iminq appraisal 

efficiency, memorability, errors and satisfaction is 
assessed. 

Testablenon-functionalattributesconsideredcritical 
may  be incorporated in the system test design. 

Test Case Design & Development 

This  step defines the Work Breakdown Sttucture of 

prionty of test case. 
system under test, the scope  and level  of test, 

System Test  Implemenrarion 

This step determines the speclfic test areas & 

particular test ObJectiVeS and targets. 
testable items, performance standard I requirement, 

method statement, procedures and record forms are 
Dunng thls step, the system test plan, testing 

the deliverables for  carrying out field tests. 

S L q l  System Assurance Repon 

After analysing the  test results, consolidating the 
findings. the recommendations for lmprovement 
and remedy ( tcchrucal& pmccdud ) wlll be made for 

management's consideration. 

Moniroring & Review 

Thls step involves the penodlc review on the 
follow-up acttons to ensure project completion. 

The life-cycle of Systems Assurance is depicted m 
Figure 3. 

3.3 Supporting  Tools & Techniques 

The following technical & management tools have 
been  adopted to suppon the Systems Assurance : 

Operations Management ; 
Systems Engineering & Management : 

Usability Engineering ; 
Reliability-Centred Maintenance : 

System Safety Engineering ; 

Formal methods of System Testing & 

Management of Emergency Preparedness 

Management 

4. PROGRESS & ACHIEVEMENTS 

Apart from  designing a workable mechanism 

requirements, the  most important issue is to realise 
(pnscnpnvc & dcwnpnvc) to fulfil the designated Job 

the plans. 

In the past three years,  about 50 recommendations 
(mdcr~gn of rechnical, p m c d u d  tasks) have been made 
and about 10 high  level hazards (safety& s e r v i c e )  have 
been identified, verified and validated. It is 
estimated that at least HK$5 million / year loss 

opcranons and management cost of mcffccovc rysrem have not 

saving is estimated [ m e  rCwurces spcnr on no"-bencfimal 

k e n  taken mto accnunt 1. Thus, the mission is 
commercially viable for exlsrmg assets. 

integrated performance of " Operaing & Design " 
It is observed that the major problem areas are the 

and " Design & MainreMnce " functions. 

5. CASE STUDY EXAMPLES 

The followmg systematlc falures concerning tunnel 
ventilation system under emergency operations are 
quoted for demonstration purposes, the overview of 
MTR tunnel ventilation is shown on Figure 4 : 

Air Pah " Shon Circurr " 

The extracted smoke  from  the tunnel in emergency 
is drawn into the rescue tunnel when the combined 
operations of emergency fans, emergency 
procedures and ventilation building stmcture are 
analyzed (see Flgun: 5 ) .  
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Air Parh " Bypass " 

The pushing ax coming from tunnel end is bypass 
by the crossovers I turnouts when the combined 
operations of emergency fan modes, tram in  lunnel, 
emergency procedures, tunnel layout  are analyzed 
(see FIE"= 6). 

In#ecrlve Vennlarlon 

The chance of effecting smoke extraction  operations 
at cenam tunnel sections is about 0 4 when the 

procedures, physical tunnel layout. control panel 
combined operations of emergency fans, emergency 

layout design,  and operator performance are 
analyzed. 

Uninrenrionai Shur Down 

The emergency fans of a number of stations in 
senes will be  tripped and locked out when the 
combined operations of tunnel auxilianes, electrical 

( HV. LV ), mechanical plants, protective device and 
emergency procedures are analyzed. 

6. THE WAY FORWARD 

The process of Systems Assurance will nun mto 
two directions : 

First Phase 

To re-engineering ( fumfamcnd re-thmkmg ) the 
existing railway system, identifying, verifying and 
validating weaknesses and deficiencies (combmanon 

of hardware. s o h a r e  and llvewarc !n ILS OpcraMg context). 

Second Phase 

The practical application of System Engineering 
process such as the implementation of " System 
Specification " for major projects. 

Lone-Term Goal 

The establishment of System Engmeenng 
Management System that integrates the loosely 
coupled management & functional elements and 
busmess mto a single entity ( see Ftgurc 7 ). 

7. DISCUSSION 

Business-Centred Management 

Functional mamtenance refers to all activities 

them to the conditions considered necessary to fulfil 

intended to keep technical systems in or restore 

their mended mission. 

Businesssentred management is defined as the 
efficient application of resources to control and 

attanment of business requrements. 
reconcile actual system behaviour to the effective 

There  is  little point to spending billions of dollars 
on acquiring, operating and maintamng an inherent 
defective system. 

Business Ethics and Social Resuonsibilities 

It may be  high  time  for  the management to rethink 
the long-term  operations  strategy. Apart from 
establishing sophlsticated admst ra t ion  and 
documentation  systems, professional understanding 
and mastering of systems in  operations ( funcnons ) 

are of fundamental imponance. 

8. CONCLUSION 

have demonstrated the presence of built-in 
The  system analysis and  the associated system tests 

systematic  failure in MTR. 

The adoption of Systems Assurance Process for re- 
engineering the system  and the Systems 
Engineering Management System will minimise  the 
extent of inherent defeats, engineenng  effon and 
schedule that meet the implicit need of fare-paying 
system users ( value for money I" pracncal terms ). 

System users  shall be the focus of any improvement 

business requirements and social responsibilities. 
incentives taksng the combined consideration of 
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SYSTEMATIC FAILURE - TYPICAL EXAMPLE 

TUNNEL  VENTILATION  SYSTEM 

EMERGENCY  PROCEDURES + EMERGENCY FANS + BUILDING  STRUCTURE 

+ EMU + SYSTEM  OPERATORS = SYSTEMATIC  FAILURE 

Fig. 5 
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The Background 

Swaziland Railway was established by the Swaziland Railway Act of 1962. The 
Act cites the  duty of Swaziland Railway as the provision of an efficient and 

adequate system  of transport of goods and passengers by rail with due regard to 

economy and  safety of operations and  to supply needs of Swaziland rail  services to 
the fullest possible extent consistent with the resources of the Railway. 

Swaziland  Railway  is responsible for the infiastructure, rolling stock  and  operation 

of a 300 kilometre railway system stretching from Matsapha to Siweni (for  Maputo) 
and from Lavumisa to Komatipoort. On the 60 kilometres from Mananga to 

Komatipoort  (Republic of South Afica) Swaziland Railway is not responsible for 
the infrastructure. 

Swaziland’s  rail network begins at Matsapha Industrial Site, where several private 
sidings are  established. From Matsapha the line runs East to Phuzumoya where it 
links with lavumisa in the South to connect with the South African ports of 
Richards Bay  and Durban. The North/South line provides a direct route via 

Swaziland for traffc to and from the Natal coast  ports to link with such countries 
as Zimbabwe, Zambia, Malawi and Zaire (see Annexure A). The Corporation 
provides for about 700 jobs providing townships with relevant services like 
recreation clubs, schools and medical services. 

Safety ProFramrne (Annexure B - Safety Policy Statement) 

As a result of a bad experience  of accidents previously in 1993 the Railway 
Administration and the  Labour Union reached a consensus to embark on a Safety 
Programme as a permanent feature of Swaziland Railway operations. The 

Programme purported to run on committee basis  where different levels and 
categories of employees are represented  in Safety Committees which meet  monthly 

to discuss safety issues and conduct inspections. 

Under this programme campaigns were launched to promote Safe Working  like the 

“Anti derai1menUAccident campaign” where  busy shunting yards competed to have 

an accident free three month consequetive period to achieve a celebrative braai 
(barbercure) and  the monthly Individual Safety Gradings which after a year give 
each  of the  graded categories an annual “Safety Champ”. The campaigns had 

various degrees of success. 

21.. 
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]The anti  derailment campaigns have since been suspended as most employees 
never really exerted themselves to  earn  these braais. 

The Individual  Safety Gradings have  been introduced  for Train Crews,  Signals  and 
Telecommunications  personnel  and  some shunters based a Mpaka Station (with  the 
rest of the  shunters  resisting the gradings) 

The  Gradinos 

The individual safety gradings are  aimed at promoting a culture  of safe working 
within the organisation.  The  employees concerned draw up grading parameters 
relating to safe  and  efficient working with the assistance of the Safety Unit. The 
employees  make  their own parameters as they are the specialists in their jobs and 
are best placed to  know  what  constitutes  safe working in their field.  Monthly  the 
employees are graded  by their  Safety  Committee using information  obtainable from 
daily  occurrence  registers. Every employee is encouraged to report any unsafe  act 
or condition to the safety representatives for correction and to facilitate gradings. 

Mistrust has greatly affected the successfulness of the safety grading as some 
employees resist  them for fear if victimisation. This fear is basically  fear  of the 
unknown rather than fear of clearly eminent danger. 

Conscientisation 

The monthly  Safety  Committee  meetings also aim to conscientise  people on  the role 
they are to play  to encourage safe working  and  its  benefits. On weekly basis the 
Safety  Representatives are to have one 15 minutes  safety briefings with  the  people 
they represent on one safety related subject per week. 

This is what is supposed to happen but  the  Safety Unit has  been  having  to  deal  with 
a lot of  negative  attitudes as workers and supervisors see it as a time waster as they 
have  been  working  without such since  the inception of the  corporation. To try to 
promote  awareness  the  Safety Unit contributes safety news to a quarterly  railway 
magazine  in a somewhat entertaining manner for light reading. (Annexure C). 
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Case  Studies  (Annexure D) 

Case studies are  done on significant incidents to enable review and  the taking of 
corrective action. The case studies are also presented to  the monthly  meetings  to 
pursue the conscientisation drive. 

Observations 

There has been some improvements in the occurrence of accidents  since the 

launching of  the Safety Programme. For example prior to 1993 in five (5) years at 
Swaziland  Railway  we  had  statistics of an average of one member of the train crews 
dying annually. Since 1993 we  have not had such fatality in four (4) years. 

We  are  not  happy with the attitudes employees display toward the subject of safety 
so we  took  a decision to involve NOSA (National Occupational Safety  Association 
- A South African Safety Watchdog Organisation) in the education of our 
workforce. We expect the NOSA involving drive to last for ten (IO) years after 
which we  hope 100% of all our employees will be adequately safety conscious. 

The aim  of Swaziland Railway in attending this conference is to learn  from the vast 
experiences of the presenters and  also relate the little experience we  have so as to 
solisit advice. 

SAFETY  MANAGER 

SWAZILAND  RAILWAY  HEADQUARTERS 

JOHNSTONE STREET 

P.O. BOX 475 

MBABANE 

SWAZILAND 

SOUTHERN  AFRICA 

Tel. (09268) 424861718 

Fax: (09268) 45009 

1001006100 m; F) 
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SAFETY HEALTH ENVIRONMENT POLICY 

Its the policy of Swaziland Railway that its operations will be conducted in a  man- ' 
ner that is Safe, Healthy and  takes into consideration  our  natural environment. As 
integral  parts of this  policy Swaziland Railway believes that:- 

4 All injuries can be prevented. 

4 Management and  employees  at all levels are  responsible for maintaining safe  
and healthy working conditions and preventing  personal injuries and  accidents. 

4 It is important  to  commit necessary  resources  to provide  safer working 
conditions 

Swaziland Railway undertakes  to  strive io achieve a  situation  where: 

4 All employees work in safe  and healthful surroundings, clear and  free of unsafe 
tools,  equipment  and behaviour. The  first  employee  observing an unsafe  tool, 
equipment, or behaviour  immediately takes  steps for correction. 

4 No employee knowingly takes  risks  that will cause injury or ill health to himself, 
his fellow employees  or  members of the general  public or that will deplete or 
encourage  the depletion of our natural environment. 

4 All employees  consistently respect the rules and safe operating  procedures 
that apply to their work. 

4 All accidents  and injuries which occur  during  work  are promptly reported  to 
management,  who  takes  immediate  corrective  action  to identify to  root cause 
so as  to  prevent  re-occurrence. 

Where there  exists a  conflict of interests,  safety will take  precedence over all other 
considerations. 

Swaziland Railway is to  continuously measure its S.H.E. performance by conducting 
audits. 

Swaziland Railway will provide the  necessary financial and human resources within 
limits to comply with the  requirements of this policy. 

No job is so Important, No service is so Urgent,  that we 
cannot  take  the  time  to  perform all work safely. 

I Chief Executive Officer 
1 April 1996 
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JOB BRIEFING GUIDELINES 

STEP IV. Follow up by Superwsor. 
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The Railway the 
Safe  Way 

I 
t would  be  nlce  to 

remove  the questlon 

mark  flom  the above and 

read It wlthout  the questlon 

mark as a statement of  foc!. 

The Swarlland Rollway 

Safety  Programme Is about 

tronsformlng thls wlsh Into 

pleasant  reallty.  It Is about 

making safe  working and safely 

rallway employee. To try and 

achleve thls. amongst other 

things. 'Indlvldual Safety 

Grodng' has been Introduced. 

consClouYiefS a habit of  every 

Individual 
Safety  Grading 

E 
mployees  Involved In a 

certaln task or profession 

draw up a guideltne, 

graded tor sateiy. as  Individuals. each 

month. The gulde llnes are drawn by 

the  people who pertorm  the tcsks 

because  they are the  best placed to 

know more about  what constI1u:es 

safe waking In their  field. 

accordlng  to Whlch  they can  be  

Safety Department 
by C.N. Mnlri. Solely Manager 

In addltlon. to the  above. me 
winners have  thelr  portraits 

mounted In  thelr mah omce 

la Hall of  Fame: 
(Congratulatlons  guys). . .  
The  Train crews are about  to 

complete a year of gradlngs. 

We can  expect  to see some 

themselves good prtzes after the 
aeservlng souls wlnnlng 

grading8 of  the  month for 

Septembec 1W5. 

- .  
Plonnmg ondslroiegymeeimg 01 9 15 

Ap?potnrment wrth cllent a1 10.30 
Brrefing wih MD 01 1 I20 

Soles conference at 2 3 
Workmg lunch 01 1.M 

Finance  rneerrng a1 3 45 
Coronory oi 4 30. 

1. Artlsan of the year: 

2 Arilsan  Ald of the year: 

The winners won  themselves the 

followlng. each 

One  wheel bcrrow 

One shovel 

One  pick  axe  with a handle 

One 'Swazl Roll Sctety Champion- 

brooch. 

MR. MBONGENI SIMELANE 
- 

MR.  PETROS MAVELA HLATJWAKO 

Grading We hate to saywe 
Update 

The S & T section 

was !he first to take 

up the chabnge of 

gradhg themselves 

and  they  have 

since been able to 

come  up  wlth 

achleverr In tMs set 

up. namely 

R Jumbo Publied 

B.and ' & Wagon 

The ln&ldual Safety Gradlng 

Joined  by  the  shuntlng 

band>wcgon has since been 

personnel  and  the Carrlage 

and  Wagon  Sectlon.  (Good 

.. . 

luck guys). 

Safety Tips 

Avoid mldng diesel and washlng 

powder as It results h an explodve 

reacilon: store separaiely. Do not 

experirpent  as It Is so easy to de.  

Remember. we are mere mortals. 

(Bombs away) 

Avoid runnlng electrlc  cables 

u n d e r  

told With our 

c a r p e t s .  

t u r n l t u r e  

belng  pulled 

and  moved 

a r o u n d .  

every  day. 

t h e  

l n s u l a t l a n  

wears and 

one ungodly 

day. or 

night, your 

premises w l n  
be  reduced 

to. God 

f o r b l d .  

ashes. 
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DIRECTOR TRAFFIC 

CASE STUDY -3 

THE DISABLING INJURY ON DUTY OF MR. JABULANI 
DLAMINI PF 1849 

After  reading all the reports and  interviewing  witnesses  concerning the injury of Mr 
Dlamini, I was  &ally  able to find him at his house in Mobeni, Matsapha and  interview him 
on Wednesday21st ofAugust 1996. 

From the reports and the interviews the following  scenario  can  be deducted 

Date : 27th March 1996 
Time : 16:OO to 16:lO hrs (approx.) 
Place: Matsapha Il Station 

The shunting  team of Vusi Zwane PF 1227 Driver 
Thula Bhembe PP 1524 Training asst 

Milford  Dlamini PF 1 1 10 Leading Shunter 
Jabulani  Dlamini PF 1544 Shunter 
Seyiso Dlamini PF 1085 Yard master 

is marshalling the load that wiU make up train No. 2706. The shunters have been 
communicating with the Yard Master and he informed  them that loading had been 
completed  at ICD and  they were now pushing towards the line with the railed crane to 
couple trucks for the load. Mr Jabulani  Dlamini is at the end to be coupled and the train is 
pushing  slowly towards the trucks to be  coupled. 

Whilst the truck is  pushing towards him Jabulani  hears  a  sound  like the mobile crane is 
loading whilst they  have  been  informed that loading  is over He rushes to look  from the 
West  Side of the line  before the on  coming  train  aiming to stop the train in case there is 
any  imminent danger. Just  then he trips on a piece  of rail marking the clearance  between 
the lines  and  falls  forward towards the track. He does not  reach the track but  bumps 
against  the  first truck by his chest and rebounds his feet getting thrown forward towards 
the track  and  they  slide  strandling the first  West  Side  wheel of the truck’s first bogie. 

Jabulani’s  left foot is  slowly  crushed by the first  wheel  but  manages to pull out his right 
foot and attempts to pull out  the  left foot by bracing his right foot on the trucks body.  By 
the time  he extracts his  left foot part of it has  been  crushed  with his shoe which also got 
tom from his  pulling. 



Observations 

1 Milford,  the  Leading Shunter was  able to see  his  colleague  going down and  shouted 
instructions  for  the  driver to stop immediately 

2. The  Driver  was  able to stop relatively  quickly. The footplate personnel were not  able  to 
see  the  unfolding of the incident  since the train was on a curve. 

3. The clearance  mark that tripped the shunter was not flush  with the surface of the yard 
as is  normal,  but was at  an  angle  causing an obstruction by its length’s  edge.  It 
transpired  that  the  mark  had all along  been normal  until some  containers  were  derailed 
and were lying on their  sides.  The  containers  themselves  did  not disturb the  clearance 
mark but it was  disturbed  by a pay loader which came to re-rail the trucks. When Per 
way  was  fixing the line the clearance mark  was left at its new  “trip hazard” position 
.Jabulani  claims  that  they reported this state of &airs several  times to  Per way 

4. My  observation  is that we still  have an attitude problem about safety as people 
generally  perceive it as a time waster, until disaster strikes.  The Shunters were 
probably  reporting the clearance  mark in passing  and Per way  people  probably  thought 
it was just unnecessary  grumbling. 

Crusade 

Mr. Jabulani  Dlamini  agreed that there is an attitude problem. He said he was willing to 
address SR employees on the subject of Safety with his  bad  experience to help deter a 
similar  occurrence in the future. M r .  Dlamini will be taken to various Safety meetings as a 
guest speaker. 

We at  safety  salute M r .  Dlamini on his  courage, we are of the opinion  that  with him 
helping out, the “attitude  crusade” will be  won. 
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THE INJURY OF MR. JOAM MAGONGO - PF1977 

The Safety  Unit  did an investigation on the above mentioned  accident after getting a 
report on the 7* of  June 1996. Sidvokodvo Clinic personnel, witnesses and the victim 
were interviewed on the IO* June 1996. The injured  employee also took the interviewer 
to the sight  of the accident scene.  The  following scenario was derived fiom the above. 

Date : 5“ June 1996 

Time : llh30 (approx.) 
Place : Sidvokodvo  Junior V i a g e  

Mr. Magongo and  his workmates have  been working on the power line next to the man 
road into the Junior Village  since they lei? the depot early  in the morning.  What  they have 
been  doing  exactly  is mounting a cable into the posts through the insulator reels. . 

Mr. Magongo  is an electrician  by  profession  and his particular task in this assignment is to 
be up  at the top 6om post to post aligning the cable into the groove in the insulator  reel 
whilst the rest of his mates pull the cable 60m the ground through a loop hanging from 
other cables  above. He has been doing the same task  for about (4) posts when  something 
suddenly goes wrong. 

Mr. Magongo’s  left hand is under the cable  being pulled by the gang on the ground. 
Suddenly  some people who were doing  something else join  the pulling gang and the cable 
moves so fast through the loop and with so much force  that it drags Mr. Magongo’s  hand 
and  pinches  into the insulator. Mr. Magongo is taken by surprise, he feels a sharp  pain 
and when  he looks at his lei?  hand the tip of his index &ger up to the beginning of  the first 
joint is  missing. 

The 6rst impression one  gets is that this work should  have  been  carried out using some 
kind of protectwe gloves. From the electricians one  gathers that the gloves are not 
practical as they temper with the “grip” on such work. 

Job Briefing 

The sudden  extra force provided by some “extra” people without the notification of Mr. 

Magongo tells us that this work lacked proper planning  and thorough briefing  before 
commencement. This statement is  not  meant as a criticism for anyone as we are all aware 
that as an organisation we are still going through the safety learning process. The  trick is 



to be prepared to learn. Page 33 of  the Swaziland  Safety  Manual  gives  guidelines  as  the 
planning  and  conducting job briefings 

Find  Annexures 

A Accident Scene Sketch 

B Job  Briefing  Guidelines 

This ofiice would  like to urge the electrical subsection to have  elected  representation in 
the Works Safety  Committee. For details  of this committees  monthly  meeting  dates, 

contact its secretary  h4r.Bheki  Makhanya PF 1474. 
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SUAZILMD RAILUAY 

TO : Asst.  Director  H.R.& D. 
Swaziland  Railway 
MPAKA 

ACCIDENT REPORT : HR. JOAH MAGONGO PF 1977 

The employee  referred  above  got injured and  had  one  of  the tip 
of his left  hand finger  cut off (i.e up to  the  first  joint)  while 
pulling  a  power  line  together  with  his  workmates  at  Sidvokodvo. 

This accident  occurred  at  about lOhOO on Wednesday, 5/6/96. 

According  to a report  received  from  one  of  the  Nurses,  the 
employee  has  been  referred  to  Dr. Manners at Matsapha  and  treated 
at Nazarene  Hospital. He was  discharged on the same  day. 

Thank  you. 

PXRSONNXL MANAGER 

cc.  Director  H.R.& D. 
Safety  Manager 

MCM/ j tt 
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IN'TERNATIONAL  RAILWAY  SAFE"  CONFERENCE 

7 - 9 OCTOBER 96 

SOMERSET-WEST, SOUTH AFRICA 

INTEGRATED RISK COMMLWICATION STRATEGY 

"HE SPOORNET CASE STUDY 

SYNOPSIS 

This  paper deals with the development of an  Integrated  Risk 

Communication  strategy  as developed by the Risk Management  Department 

of Spoornet a division of Transnet  Ltd.  This  strategy is an essential part of 

the  total risk management process for a  railway  company. It is concluded 

that without  a  sound  risk management  process and communication  strategy, 

railways will not  be  able  to successfully execute their business strategies  in 

order to be competitive in the  21 st century. 

I n  a  world of increased and accelerated change, the  risks  for  companies are 

increasing at  an  alarming rate. Informed stakeholders will therefore assist  in 

mitigating  the  risks  threatening our survival. 

Dr cerhard Booysen 

Assistant-General  Mana@r(Risk  Manaament) 

Spwrnet A Division oJTramet Ltd 

I 1  
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INTEGRATED  RISK  COMMUNICATION  STRATEGY 
THE SPOORNET  CASE  STUDY 

1. INTRODUCTION 

The  purpose of this  paper is to  give you  an overview of an 
Integrated  Risk  Communication  strategy developed by 
the  Risk  Management  department  in  Spoornet,  the 
railway division of Transnet Itd. 

I will briefly  deal  with  the  following issues: 

0 The  rationale for an Integrated Risk Communication 

Integration of the  Strategy  with  the  risk  management 

0 Mission and objectives of the  Risk  Management 

0 Guiding  principles 

The Risk  Communication  Process;and 
Risk  Communication  Strategy  initiatives developed in 

Strategy 

process  in  Spoornet 

Strategy 

terms of the above. 
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2 .  RATIONALE FOR AN INTEGRATED  RISK 
COMlMUNICATION STRATEGY 

2.1 STRATEGIC BUSINESS CONSIDERATIONS 

Spoornet,  as  many  railway  companies  in  the  world, is 
repositioning itself to  become  a  more  market  driven 

organisation.Business  processes are being  redesigned 

towards achieving the  strategic  objectives of the 

Division. 

One of the core competencies that  has been  defined  in 

Spoornet is Service  Predictability  to  be  operationally 
excellent. Service  Predictability  implies  consistently  and 
reliably  conforming  to  customer  requirements  within 

acceptable cost. 

Local and international  market  research  confirmed 
reliability  as  the  most  important  factor  influencing  freight 

transportation decisions. Globally  businesses  must 
demonstrate to an ever  more  demanding  and less tolerant 
client  base  that  they  can  provide a consistent and  reliable 

level of quality  in  the goods and services  they  provide. 

In view of this,  it is evident that  unmanaged risk will have 
a  detrimental  impact  on  business  strategies.Businesses 

can  often  no  longer  survive  the  impact of unmanaged  and 
unrecognised  risks,nor  can  they  afford  to  firefight the 

consequences of unmanaged  risk. 
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2.2 SOCIAL  IMPACT OF UNMANAGED RISK 

As a  responsible  transporter of freight  and  passengers, 
Spoornet has a social  responsibility  towards all of its 
stakeholders. 

Unmanaged  risks  lead to hardship being  experienced by 
people affected by accidents. 

It also impacts  on  the  Corporate  image of the  company  as 
perceived by the clients,employees and  the  general public. 

In  terms of the King Commission's report on Corporate 
Governance,  directors of companies  in  South  Africa are 
required to direct  their  reports  to  all  stakeholders  on 
matters of concern and  interest  to them.Society now 
expects greater  accountability  from  companies  in  regard 
to their  non-financial  affairs, e.g. in  relation to  their 
employees and  to  the environment. 

Risk  materialisation  therefore  may  hold  grave 
consequences for a  company if not managed  in a 

responsible way. 

2.3 LEGAL  COMPLIANCE 

Various  acts  in  South  Africa  impose legal requirements  to 
be complied with in the field  of Safety,  Health and  the 
Environment.  Strict  compliance is required  and we have 
seen action  being  taken in South  Africa  recently  against 
directors of companies. 
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The  Occupational  Health  and  Safety  Act in South  Africa 
also gives the  employer  the  duty to  informe employees 
about  risks  and  hazards in the  workplace. 

3. TNTEGRATION OF THE STRATEGY  WITH  THE 
RISK MANAGEMENT  PROCESS IN SPOORNET 

In view of the  above,  Spoornet  decided  to  internalise  a 
world class risk  management  process  which will visibly 
add value  to its business  strategies. 

The mission is to develop strategies,  systems,  processes 
and  programmes,  in  conjunction  with  line  management 
and  other  relevant  stakeholders,  to  create  an  integrated 
risk  management process which  will  add  value to 
Spoornet’s  business  initiatives. 

The  Risk  Communication  Strategy was developed to 
support  the  long term goal of ensuring a culture of risk 
awareness  in  Spoornet  and  its  stakeholders,  through 
internal  and  external  communication. 

4. MISSION AND OBJECTIVES OF THE RISK 
COMlMUNICATION STRATEGY 

4.1 MISSION 

The mission adopted  read  as follows: 

“To sensitise and  equip  Spoornet’s employees, through 
the  medium of communication,  to  optimally  deal  with  risk 
and  to  inform  and  educate  the  external  stakeholders  to 
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deal with risks  associated with rail in order to limit  their 
exposure to risk.” 

External  stakeholders  include  the  general public,clients of 

Spoornet  and  vendors  and  contractors. 

4.2 OBJECTIVES 

Specific objectives flowing from  the  above  are  as follows: 

The  promotion of an  internal  culture of risk  awareness 

and  prevention; 

Establishing a culture of ownership(asset  protection) 
amongst  employees.  (This  objective is also applicable 

to  the  external  public  with  specific  reference  to  rail 
fences and  unauthorised  rail crossings.) 

potential  risk  associated  with rail and to limit  their 
risk  exposure; and 

To inform  clients and  contractors of the potential 

hazards  associated  with  rail  and to educate  them in the 
correct  handling of Spoornet’s  rail  equipment. 

To establish an external  culture of awareness  to 

The achievement of these  objectives is facilitated by 

networking  with  other  rail  operators  such  as  Metro  Rail, 
the Department of Labour,  the  National  Department  for 

Education  and  other  parastatals.  The  full  support of line 

management is imperative. 
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5. PRINCIPLES IN THE  DEVELOPMENT OF THE RISK 
CO~MMUNICATION  STRATEGY 

The following principles  were  adopted  in the 

Development of the Risk  Communication  Strategy : 

Focus on  the  most  important risk areas in Spoornet; 
Develop the  strategy  within  the  broader  guidelines of 
the  company's  corporate  communication  guidelines; 
A long term view should  be  taken; 

0 Communication  programmes  should  be  aimed a t  
specific target  audiences; 

0 Results  must  be  measured  before  next  phases  are 
introduced; 

0 Interpersonal  communication  should  be  supplemented 
with  mass  media  exposure; 

0 Supporting  activities  such  as  seminars,  training, 
publicity etc. should be expIoited; 

0 Risk Communication  strategies  must  be  aligned with 
Predictable  Service  change  management  releases; and 
Risk communication  programmes  should  be  aIigned 
with the  Risk  Management Business Plan  initiatives. 

6 .  THE RISK COlMMUNICATION PROCESS IN 
PROGRAMlME  DEVELOPMENT 

Programme  development is facilitated by the following  process 
which  forms a closed loop: (See annexure 1) 

0 Identify most important risk areas  to  be  addressed; 
Benchmark  awareness levels; 

0 Summarise  Balance  Scorecard  and  establish  gaps; 
0 Establish  target  audiences; 
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Decide message; 

Decide on appropriate  medium  and or process; 
Develop media  mechanism  and  apply;  and 

Monitor  the  Programme efficiency and  identify reviews 

necessary. 

This process allows a focused  development of risk 

communication  programme  initiatives. 

7 .  RISK COMMUNICATION  STRATEGY 

IMPLEMENTATION IN SPOORNET 

The  proof of the  pudding is in  the  eating.Adopting  the 

above  approach,  Spoornet  developed  and  implemented 

the following programmes  during  the  past 2 years: 

The successful implementation of an  industrial  theatre 
programme,  sensitizing 25 000 employees at 100 

different  depots.  Risk  awareness levels increased  from 

12% before  the  programme  to 54% after  the 
programme; 

campaign for clients working  under  overhead 
electricity. 

Spoornet  launched  a schools programme  with  a 

friendly  character called M r  Choo-Choo  to  sensitise 

school children of risks  involved near  railway lines. 
The  target  market is all Primary schools in  SA; 

A  programme to create  greater  awareness of Rail 
Safety in general to Taxi  Drivers,  Taxi  Commuters, 

Train  Passengers by means of a  Taxinet  promotion; 

Spoornet  in  conjunction  with  Eskom  ran an awareness 

I 

i 
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A stakeholder forum is being  established  with trade 
unions to facilitate  transparency  and  participation  in 
the development of safety,health  and  environmental 
policies and strategies; 

Safety  week  promotion; 

Poster  awareness  campaigns; 
0 Outdoor  Billboards in marshalling  yards  with  Safety 

A Health and Safety  Induction  course  for  all new 

Community  awareness  programmes,  re illegal 

~ 

slogans; 

employees a t  entry level; and 

pedestrians  on  railway lines and  Spoornet fences. 

8. CONCLUSION 

In this paper I dealt  with  the  development of an 
Integrated Risk Communication  strategy. I pointed  out 
that this is an essential part  in  the  total  risk  management 

process  for a railway company. I submit  that  without a 
sound  risk  management process, railways  will  not  be  able 
to successfully  execute their  business  strategies  in  order to 
be  competitive in the 21 st century. 

In a  world of increased  and  accelerated  change,  the  risks 
for  companies are  increasing at an  alarming  rate. 

Informed stakeholders  through  a well designed 
communication  strategy will therefore  assist  in  mitigating 
the  risks  threatening our  very  survival. 
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Abstract 

East  Japan  Railway  (hereinafter JR East) is now trying to develop  a  rlsk 
assessment  method  which is suitable for the  assessment  of its own railway 
system  for  optimum  decision  making in safety  management. This is a  three 
year  joint  research  project  started  in 1993 under  a collaboration between 
Massachusetts  Institute  of  Technology  (hereinafter  MIT) and JR  East.  By the 
year of 1996, which  is  the  last  year  of  the  project, the authors have developed 
a  baslc  method for the  risk  assessment,  and now applying the  method 
experimentally  to  the  real field of JR  East. 

The  idea of this risk  assessment is based on that of probabilistic risk 
assessment  (hereinafter PRA) w h i c h  was proved to be useful in WASH-1400 
to assess  the  risk  of  huge  systems  such  as nuclear power  plants,  however, 
since  the  feature of railway  systems is different  from  that of nuclear  power 
plants In some  ways,  the  authors  have  introduced  some original ideas to the 
methods. 

Although  the  authors  have  developed  a basic method for  the  risk 
assessment, it might  still  need  some  improvement  and/or  adjustment 
according to the  result of the expermental calculation, and then the risk af 
overall JR East will be evaluated in detail. As a progress report of the research, 
this paper describes some examples of the result of experimental calculanon as 
well  as  the configuration of the method of the  risk  assessment in JR East 



1 Introduction 

1.1 Background 

Since the first inauguration of rail service in Japan in 1872, a  great deal of efforts to lmprove the 

safety of railways have been expended more than 120 years.  During  the  period, considerable 

improvement of safety has been reached by learning many lessons from experienced accidents 

3 ’ 
0 --. I 
1945  1960 1975 1990 

(Fiscal Year) 

Figure 1 : Number of Train  Accidents  per Million Train  Kilometers 

Figure 1 shows  the history of  the number of train accidents  per million train kilometers  from 

1945 to  1991 (Japanese National Railways before 1986, all JR lines after 1987). The  defit ion 

of train accident in Japan is described in figure 4 

There might be two possible interpretations  of  figure 1. One is that  the  safety of Japanese 

railway has been improved dramatically in the past forty-five years. The other is that  the 

improvement rate  of  the safety is getting dull year by year. 

As far  as  we  try  to improve the safety of  the railway just empirically  by learning from 

experienced accidents, the  latter  thing IS inevitable, because  as  the safety level of the system 

becomes higher, the  opportunity to meet accidents becomes  rarer and rarer and it becomes 

more and more difficult to find lessons from actual accidents. 

In  addition, as  the  transportation volume becomes larger and the train speed becomes 

higher, the consequence of an accident tends to be larger  and tend to exceed public acceptance 

It means that  we  are not allowed to experience any accidents  “to learn lessons” from them. In 

other  words, in order to improve the safety of R East,  we  have  to find another way besides just 

learmng from experienced acc~dents. 

The PRA IS considered to be one of the ways to  achieve  a  breakthrough in such  a  s~tuation 

~n JR East 
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1.2 Scope of the Research 

Since a serious accident with a fatality (fatalities) might become a vital blow to the management 

of transportation company, and to prevent such an accident is the most important matter in JR 

East, the authors attempt to estimate the number of fatalities due  to various types of railway 

accidents in this  risk assessment. 
. .  

Describing the  scope  of the study in a PRA in detail is equivalent to listing the considered 

accident scenarios in the assessment. Thmy-four accident scenarios including internal causes 

(such as signal ovenuns, car failures, incorrect  track maintenance, etc.) and external causes 

(such  as falling rocks, earthquakes, collisions with automobiles running into tracks, etc.) are in 

consideration in this risk assessment. The accident scenarios are listed in Table 1. 

Although the perceived risk by people might change with the cause of accident, magnitude 

of consequence, etc., neither risk perception nor risk adhesion is not considered in this first step 

risk assessment. 

2 Objective 

Generally speaking, risk assessment is to answer the following questions Faplan and Garrick]: 

1. What can go wrong that could lead to  an  outcome of hazard  exposure? 

2. How likely is this happen? 

3. Ifit happens, what consequences are expected? 

The final goal of this research is to find optimum strategy for safety improvement of JR East. 

For decision making  in safety management, it is helpful to know quantitatively how  each kind of 

accident scenarios contributes to  the total risk and how  the risk is distributed in the system. 

Considering that, one of the expected outputs of this research is to derive such information on 

the present system of JR East by using PRA method. 

Only once assessment, however, is not scient for the safety management of the railway, 

because the operational conditions and the environment of JR East keep changing without 

ceasing. Therefore, another expected output of this research is to establish the risk assessment 

method of JR East as a routine procedures so that  we can repeat  the assessment in a certain 

interval. To repeat the assessment is helphl  for quantitative evaluation of effect of safety 

countermeasures which are being introduced to  the system, too. 

As stated above, since the project is  still on the way, only some examples of the result as 

well as the configuration of the method of the risk assessment in JR East  are described in this 

paper. 
I !  i 



3 Procedure of the Risk Assessment 

The idea of the risk assessment of JR East is based on that of PRA which has been  developed 

mainly in the field  of  nuclear power plant industry 

The general procedure of probabilistic risk assessment is: 

1 to define risk and risk measurement unit 

2. to list possible accident scenarios 

3. to estimate  probability of occurrence of accident due  to each scenario 

4. to estimate consequence of accident 

5. to calculate the total risk by combining the estimated probabilities and the 

consequences 

3.1 Definition of the Risk and Risk Measurement Unit 

At the fist step of the risk assessment procedure, to define “risk” and risk measurement umt  is 

essential. Qualitatively  speaking, risk can be defined as the potential of loss or injury  resulting 

from exposure to a hazard modarrers], however, since quantitative definition is needed  in this 

research, the authors use the following definition of risk as a simple and clear quantitative 

definition: 

Risk is cost per unit time caused by hazardous event. 

In terms ofthe cost, since the major  interest of the authors is to prevent vital accidents in JR 

East, loss of human  (number of fatalities) is used as the unit of cost. It means that, in this 

research, neither property damage nor injury of people are considered to be cost in accident 

Year is used as the unit of time. As the result, the risk we estimate in this research is the number 

of fatalities per  year  caused by railway accident in JR East. 

3.2 Railway  Accident Scenarios 

Accident scenarios are set of descriptions of cause and consequence of each type of accident. In 

PRA, since any scenarios which are not listed here are never evaluated  in the following 

procedures, as many  as possible scenarios should be listed here. The total number of the 

scenarios, on the other hand,  must be practically possible to be evaluated. Therefore, we must 

be careful not to omit  any important scenarios while keeping the total number of the scenarios 

small 

One of the features of  railway accident which makes it difficult to list the accident scenarios 

is that a same cause of  accident can lead quite different consequences according to the 

circumstances of  the  accident For example, ax axle failure of a car may kill nobody if the train 

is  runrung ar low speed, running on flatlands, running with  few  people on board, while the same 



cause may kill many people ifthe train is at high speed, on a tall bndge, with a lot of people on 

board. For such a  reason, if we try  to list  all the combinations of cause and consequences of 

railway accident as the scenarios of the risk assessment, the number of the scenarios would be 

almost infinite  and to list the scenarios itselfwould  become impossible 

Figure 2 : Railway Accident Scenarios 

In order to prevent such a problem, the authors  have  separated the scenarios into two parts, 

namely the cause part and the consequence part, under  the two assumptions as the following: 

1. Almost all of the fatal railway accidents must be accompanied by collision or 

overturning. 

2. Once a collision or a overturning happens, the consequence  of the accident does 

not depend on  the cause of the accident but depend on the circumstances of the 

accident. 

Having above two assumptions, the  authors were able to consider the cause part and the 

consequence part of the accident scenarios independently and were able to simplify the 

structure  of the scenarios. Figure 3 shows the idea of the scenario smpiification 

Although there are some fatal accident scenarios without overturning nor collision such as 

train fie, train separation, accidental door open, etc., the number of them are relatively small 

and  the risk due to them can be calculated independently fiom  other scenarios. 
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Fallure 

Brake 

Failure 

Disturbance 

Figure 3 : Simplification of Accident Scenarios 

3.2.1 Accident Scenarios (Cause of Accident) 

The cause part of the accident scenarios considered in this research are listed in table 1. The 

scenarios are lined by several experts of each field with reference to  the data in the 

AccidentlIncident Database in Safety Research Laboratory  (see section 3.3.1). The total 

number of the considered scenarios (the cause part) is thirty-four. 

3.2.2 Accident Scenarios (Consequence of Accident) 

The consequence part of the accident scenarios considered in this research are not described in 

text style but in hnction style. The authors call  them “Fatality Functions”. Since the authors 

consider collision  and overturning as the pivot events of  the fatal rail accident scenarios, there 

are two fatality functions, namely, the Collision Fatality Function and the Overturning Fatahty 

Function The input parameters to the fimctions are speed of train,  load factor, weight  of 

obstacle, possible  fall  height of  overturned train, and the  output of the functions are mortality. 

The detail of the Fatality Functions is described in section 3.4.1. 

3.3  Estimation of Occurrence Probability 

The next step of the risk assessment is to estimate the occurrence probabilities of each accident 

scenario In this research, since the scenarios are separated into hV0 parts and they  are 

connected with  only two pivot events, the occurrence probabilities we have to estimate here are 

those of collision  and overturning due to each cause scenario. 





In WASH1400, the  method  used to estimate the occurrence probability  was  Event  Tree 

Analysis  The  authors  once  tried to apply  the tree analysis to the estimation to find it  difficult, 

because  the  paths to an  accidental  event are not so systematic and to determine  the  failure rate 

(or success  rate)  of  each  node is  relatively dficult compare with a highly automated  system 

such as nuclear  power plant On the other hand,  since  railway  system  has long history  and  many 

experiences of accidentdiicidents, the data  of them is relatively  rich. 

As the result of above  argument, the authors estimated the occurrence  probabilities  based 

on the  past  accidentiiicident data instead  of  using tree analysis  method. 

3.3.1 Database in JR East 

To estimate the occurrence  probabilities  of various types of accident in this research,  the 

data from a database  in  Safety  Research Laboratory (hereinafter SRL)  called Integrated 

Operational Accidenthcident Database was used. The database stores the data of all 

accidentskidents occurred after the  establishment of JR East in 1987  and that of  major 

accident  in  Japanese  National  Railways  before  1986. The data is  entered to the database by 

Transport Safety  Division  in  each  branch  office every month  following the Operational 

Accident Reporting Rule of JR East through an on-line computer system. The amount of the 

data is around  one  thousand per month. For this research,  around  seventy-thousand 

accidentdiicidents were  referred. 

The definitions  of  the  accident  and the incident  in the Reporting Rule  are  shown  in  figure 4. 

The numbers  following  each  item  in  figure 4 indicate the number of accidentshncidents  entered 

the database  in  1993(FY). 
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Figure 4 : The Definltlons and the Breakdown of AccldenVlncident In JR East 
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3.3.2 Classification into Subsystems 

Given the  accident data from the database, the average frequency of a certain type of accident 

can be  obtained  by dividing the number of the accidents by the number of the trials For 

example, the average frequency of train collision accident due  to signal overmn can be obtained 

by dividing the number of such accidents in a certain period by the number of  the times trains 

pass signals in the same period. The obtained value is the first step estimation of the  occurrence 

probability of such an accident. 

The above mentioned calculation is, however, too crude  for the purpose  of the risk 

assessment, because the obtained occurrence probability does not reflect any difference of 

features of each part of JR East. In terms of  signal violation, for example, such an estimation 

does not allow us to compare the safety between different types of train protection system or to 

evaluate the effect of a new type train protection system. 

In order to make the assessment accuracy higher and the intentional evaluation possible, the 

authors have  classitied the JR East system into some subsystems according to  the some 

attributes which  affect the occurrence probabilities of  the considered type of accident. Figure 5 

shows the classification of  the system for signal violation. In this case, JR East is  classified into 

ten subsystems according to the  attributes of track  feature (single or double track), types of 

blocking systems, and types of train protection systems. 

Overall System of JR East 
I 

Shinkansen 

A 
I 

Convenhonal Lines 
Track * Feature 

Slngle Track 
I 

Double Track 
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i 
Cab Automatic Automatlc Speclal Speclal  Tablet Cab Automatlc 
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i I ,  
(Spectal) Automatlc  Autornatrc Slgnal 

I 
(Clrcult) Code ) 

Track Electronic 

I 1 

I I I 
ATC ATSP ATS-s ATSS ATS-s ATS.S ATSS ATC ATS-P ATS-s + Proteaon 

Tram 

System 

Figure 5 : Classlfication  into Subsystems (Example of Signal Overrun) 

The attributes for the classification should be major explanatory values for the occurrence 

probabilities in each accident scenario In thts research, however, since the authors have not 

found any deductive ways to find the major explanatory values for an event, the classification 



into subsystem was conducted subjectively by some experts in SRL. 

Needless to say, the classifications of the system can be different from scenario to scenario 

The system classification for rock fall must be different from  that  for signal violation because 

the  occurrence probability of rock fall must not depend on the blocking system of lines. 

3.3.3 Estimation with no Accident Data 

Another problem in estimating the  occurrence probabilities is that  there  are some scenarios with 

no actual accident data. Especially, after the classification of the system, this problem becomes 

pronounced because the  number  of  the trials becomes smaller after the classification into 

subsystems. For such a subsystem, i fwe  put zero as the numerator, the  occurrence probability 

becomes  zero and the  subsystem is evaluated as a “perfect safe”  system. Such an estimation 

would  be nothing other than  “learning fiom experienced accident”. 

Using the incident data in addition to the accident  data is  helpful to  prevent  the above 

problem, because, in most cases,  some incidents have been observed in a subsystem even if 

there is no actual accident in the particular subsystem. In addition, estimation with much 

amount of data makes the  estimation stable. 

In using incident data  as well as accident data--to estimate a conditiond probability, that is 

the probability of  the  occurrence of an accident given  an incident happens, is needed. The 

authors estimated this conditional probability by the  following procedure: 

1. Weight the  observed incidents (if any accidents are observed, both  of incidents and 

accidents) into  some  categories  according to the likelihood of being an accident. 

The likelihood that an accident would be an accident is of  course 1. 

2. Obtain the  total  potential number of accidents by  adding all of the weighted 

number of accidentshcidents in each accident scenario. 

3. Fix the weight coefficient so that  the  total potential agrees with  the observed 

umber of  accidents in each accident scenario. 

4 Obtain the  occurrence probability of accident in each subsystem by using the fixed 

weight coefficient. 

3.4 Estimation of Consequence 

Since we have separated the  accident scenarios into the cause part and the consequence part 

and consider them independently, the assigned task here  is to estimate the consequences  of 

collision and overturning in various circumstances regardless  of  their cause. 
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3.4.1 Fatality Functions 

For the  above  estimation, we have developed two functions so called the Collision Fatality 

Function and the  Overturning Fatality Function. 

As it is mentioned in section 3.2.2, the input parameters to the functions  are speed of train, 

load  factor, weight of obstacle,  and possible fall height  of  overturned train, and the  output of 

them is mortality. Each function  is  a finction in four dimensional space  with  three input 

parameters and one  output.  The  shapes of these two functions  have  been fixed by combining 

the opinions of several members in SRL in the light of past  serious  railway  accidents including 

those in Japanese  National Railways and some  overseas railways. Figure 6 is an example of the 

Fatality Functions. 

Fall  Height : 5rn 

% 

100 

80-100 
60-80 

Load Factor % 

Figure 6 : Fatality Function  (Overturning at Fall Height 5m) 

3.5 Risk Distribution 

In a  broad way, the input parameters  to  the  Fatality  Functions  are  the  functions of place, and 

the Fatality  Functions  themselves are  the functions of place, too.  Therefore, by obtaining the 

occurrence probabilities of collision and overturning  due to each  cause  scenarios at each place 

of JR East, the risk distribution in JR East  can  be  obtained by combining  them with  the Fatality 

Functions  The  authors’ original attempt  was to calculate  the risk in every  500m on the lines of 

JR East. 

Since  the  occurrence probability of accident per trial in each subsystem due  to each  cause 

scenario has  been obtained in section 3 3,  what is needed here is to count  the  number of trials in 

every S00m section on JR East lmes for each subsystem of each cause  scenario  Figure 7 shows 

the idea  of risk heaping in every 500rn section 



Subsystems 

5oom 

Figure 7 : Risk Heaplng In every 500m Section 

4 Examples of the Result 

The authors  have  applied the above risk assessment  procedures  experimentally to one of the 

real  lines in JR East (Chuo  Line  between  Tokyo and Kofu 1 3 2 h ) .  About the half of the line 

(between  Tokyo and Takao 5 3 h )  is a  typical  commuter  line  with  heavy  trafEc  volume (650 

trains per day)  and the rest of it is a  suburb  line (180 trains per day) in mountainous  area. IR 
East has  introduced  a  new type train protection system (ATS-P)  between Tokyo and  Takao to 

improve the safety of the line. The train protection system  between Takao and Kofu is  still 

conventional  type  (ATS-S). Figure 8 is a map of the line. 

Figure 8 ' Chuo Line 



4.1 Risk Distribution on Chuo  Line 

Figure 9 shows the risk distribution in every 500m on Chuo Line at the present  time  According 

to the  expenmental  calculation, the total  risk on this  line  is 2 28 X personslyear 
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4.2 Breakdowns of the Risk on Chuo Line 

Figure 10 shows the breakdowns of the risk on Chuo Line. The graphs tell us how  much  each 

type of accident  (each accident scenario) contribute to the total risk of  the particular line. The 

difference  between the graph 1 (Tokyo-Takao)  and the graph 2 (Takao-Kofu)  reflects the 

difference of the features of each section. 

4.3 Quantitative Evaluation of New Train  Protection  System (ATS-P) 

The authors have  calculated the safety  improvement  effect of ATS-P,  which  is a new  type train 

protection  system  being introduced in JR East from 1988 On Chuo  Line,  ATS-P  has  been 

installed  between  Toky  and Takao, but has not  yet between Takao and  Kofu. 

Figure 11 shows the risk  distributions between Tokyo and Kofu with and without ATS-P 

between Tokyo and Takao. The distribution with ATS-P is the same as that in Figure 9. Note 

that the vertical axis scale in Figure 11 is different from that in Figure 9. The difference between 

the distributions  (with  and without ATS-P) is the safety improvement effect of ATS-P on Chuo 

Line. According to the authors' calculation, the risk on Chuo Line has been reduced by 0.25 

persondyear by ATS-P. 

Figure 12 shows the same  distributions  with  and without ATS-P between Takao and Kofu. 

This is a kind of simulation of a kture safety  investment. The result  is that the risk  would be 

reduced by 0.005 persodyear by  installing  ATS-P between Takao and Kofu. 

The  major reasons of the difference  of the ATS-P  effect are difference of the train  density 

and  station  intervals. The result supports that to have introduced ATS-P between Tokyo and 

Takao as a first  step was an appropriate decision  making. 

5 Conclusion 

The  authors  have  developed a basic  method of the risk assessment which  is  suitable for  the 

assessment of JR East. Also, the authors  have  applied the method to a part of JR East 

experimentally 

The  result of the  experimental  calculation  indicates that the developed method is useful for 

the assessment of the  railway  system. 

Problems  to  be  solved  which was found through the experimental  calculation are: 

1 Risk calculation in every  S00m  would  need too much  labor  and  time to cover 

overall JR East even  after  the  establishment of a routine calculation procedure 
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2. The estimation tends  to be too much  pessimistic. Although pessimistic estimation 

might be better than  optimistic estimation as an assessment by the interested party, 

it still needs improvement. 

3 Since the global risk  assessment covers various field and enroll  involve  many 

experts as a member of the project, and also the method requires some subjective 

judgments, the idea of quality control is  needed for homogeneous data  quality. 

6 Future Work 

The authors are now calculating overall risk of JR East. In that process, we attempt to 

improve the accuracy of the assessment by comparing the estimated total risk and observed 

total risk  back  and forth. After some trials, we will obtain a reasonable result  and it will give us 

some  helpfi~l suggestions to h d  the most appropriate way to improve the safety  of JR East. 

As the first step risk assessment, JR East  has been classified into  some subsystem focusing 

on hardware in each scenarios, however, in order  to make it possible to evaluate the  risk from 

various point of view such as human factors, the classification of the system needs to be varied 

in the future. 

In addition to that, the procedure and the mathematical models applied in this risk 

assessment need to be improved continuously. As far as the challenge to safety improvement is 

an eternal assignment for railway people, the risk assessment needs to  be improved forever, too. 
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Satoshi Nakai 

Satoshi Nakai joined  the  Japanese  National  Railways in 1975, before  the 
national  railway  organisation  was  re-organised  into  twelve  organisations 
including East Japan  Railway  Company. 

He has spent  several  years in quality control  and  production  management at 
rolling  stock  maintenance  workshops.  After  that, he has been  working  mainly 
in  administration of rolling stock and  transportation  departments. 

At present,  he  is  in  charge  of  safety  management  of  railway  operations  in 
general. His most  important  tasks  include  company-wide  improvement  of 
systems  to  prevent train collisions and  establishment  of countemeasures 
against accidents  during  maintenance  works  involving  casualties to 
maintenance  personnel bit by a train or collisions of maintenance  vehicles 
withatrain 
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Promoting Safety through Exchange of Opinions 

Between Top Management  and  Field  Personnel 

- General Safety Inspections - 

Satoshi Nakai,  Manager 

Transport  Safety  Department 

East  Japan  Railway  Company 

1-6-5, Marunouchi,  Chiyoda ku, Tokyo 100, Japan 

October 7-9. 1996 

1. Transport  Safety  Concept,  East  Japan  Railway  Company 

Our firm was established following the division and privatization of the 

Japanese National Railways in 1987. During the nine years that  have  passed 

since  that  time,  the  providing of safe railway transportation has  been  given top 

priority by management, and efforts have been made to  improve  the level of 

safety. The basic philosophy behind those efforts is as summarized  below. 

(1) Improvement of safety  equipment in both importance and effectiveness, 

and promotion of systemization. 

(2) Emphasis on each employee dealing with safety both autonomously 

and spontaneously. 

(3) Implementation of an organization  that places safety first. 



(4) Effective accommodation of changes in the  environment  surrounding 

railways. 

This philosophy serves to  define  the level of safety. Various measures 

have been implemented from the following aspects: 

The  philosophy  and  mode of behavior of the organization and its 

personnel 

* The provision of signals and other safety equipment and systems, along 

with appropriate  regulations 

As a  concrete  example of this  philosophy,  roughly 1/3 of the total annual 

equipment investment made by our company, equal to roughly 800 million to 1 

billion dollars, is allocated  for  investment  in  measures  for  preventing  train 

collisions  and  safety  factors  such  as  those  relating to rolling  stock 

replacement. 

In addition, in respecting the spontaneity of each of our employees, we 

promote activities that enable employees  engaged in field work to improve  our 

level of safety. We refer to these as "Challenge Safety" activities. We have 

also  been  engaged in various other  activities  that  are  based on a common 

awareness of safety by both  the  organization  and individuals. 

One of those activities that  will be  introduced here is the "Promoting 

Safety  through  Exchange of Opinions  between  Top  Management  and  Field 

Personnel" - what we refer to as our  "General  Safety Inspections". 



2. "General  Safety  Inspections" 

(1) What  are "General  Safety  Inspections"? 

Our  company is engaged in providing service to customers  through the 

operation of trains, in the  form of an organization consisting of our company 

headquarters,  branch  offices  and field agencies. 

For both safety and service, whether or not they are implemented 

reliably and satisfactory results  are  achieved is dependent  upon field agencies 

engaged in the actual operation of trains and related duties. In addition, 

numerous ideas for increasing the  level of safety  and  implementing 

improvements  for providing better  service  are  also initiated in the  field. 

Consequently, we emphasize field operations within the framework of 

our management activities, listening closely to the opinions of our employees 

to gain  an  accurate understanding of field work and reflect those opinions in 

our policies. 

"General Safety Inspections"  are conducted based on that  philosophy. 

Contents of "General  Safetv  InsDections" 

Each  year, a different theme is selected. Themes are chosen in 

consideration of the  circumstances of accidents or malfunctions at that 

time, the status of progress of safety policies and so forth. 

Nearly  all directors, including the president, participate in these  general 

safety inspections. These directors move around to several field sites 

over  the course of 2 days in groups of 3-4 each  with  other  members of - 



top  management.  Participants  from  the  company  headquarters 

normally  consist of more  than 100 persons  comprising  roughly 30 

groups. 

At each  field  site,  in  addition to observing  the  manner  in which 

operatlons are conducted, members of the  groups  exchange opinions 

with employees working there regarding their  daily work. 

Opinions  are  exchanged not only with  supervisors, but  also with 

operators,  maintenance  personnel  and  other  employees  engaged  in 

actual operations. This is done because the persons who are the most 

familiar with field operations  and  who  play a leading  role in ensuring 

safety are actual employees working at the sites. 

Opinion  exchange  primarily  focuses on a predetermined  theme, but 

employees are also encouraged to speak  freely about other subjects as 

well. 

Members  from the company  headquarters  reply  to the opinions that 

have been expressed as well as  convey  the  manner of thinking of the 

headquarters. 

In addition to  each group gathering information on field  status  and the 

opinions  expressed  there,  and  then  outlining this to staff members of 

branch offices in charge of the  field sites, discussions  are also held on 

the causes of problems  and ways to make  improvements in the future. 

The contents of the discussions held at each  field site and branch office 

are brought back  to  the company  headquarters where they are further 
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discussed and studied at  the company headquarters as  well. As a 

result,  whether  improvements are to be implemented  immediately, the 

present  situation is to be  left unchanged or further studies  are to be 

made,  the manner in which each subject is to be handled in the  future is 

clearly indicated,  and  each  branch office is informed of that result  along 

with the reasons for it. Branch offices then inform  field personnel 

affected by that result,  and  convey the result to employees  that attended 

the opinion exchange. 

Those matters that require additional study at  the  company 

headquarters are handled by forming a study team that is involved in 

the analysis of the situation  and  examination of countermeasures, and 

is also  responsible for preparing a countermeasures execution 

schedule. This  execution schedule is implemented by resolution  of t h e  

board of directors as necessary. 

Fig. 1 is a schematic  explanation of this process. 

Objectives 

The objectives of “General  Safety  Inspections” are as  follows. 

To  gain  an accurate understanding of the actual  situation in the field 

To deepen mutual understanding between the company headquarters 

and  field personnel 

To promote  prompt  resolution of problems 

Characteristics 

These  “General Safety Inspections“ - have the following characteristics. 
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Preliminary  studies and preparations 

I * Selection of field sites to be visited 

* Selection of a theme 

Formation of groups, etc. 

1 

of opinions at field sites 

branch offices 

I 

Studles  at  company headquarters 

* Identification of problems 

Selection of topics to be dealt with 

in the future 

* Preparation of replies to opinions 1 expressed at the field sites 

L 

Analysis of problems by study teams 

and examination of proposals for 

countermeasures 

I 

I 

Approval of execution plans by  the 

board of directors 

Implementation oi 
countermeasures 

i 

Check of progress,  confirmation 

of Incidental problems 

Fig. 1 Flow Chart for Conducting "General Safety  Inspecttons" 



* All directors from the  company headquarters, from the president on 

down,  are  able to observe  operations in the field, listen to the  opinions 

of field  personnel  and  discuss issues directly with field personnel. 

Discussions are held freely. Naturally, the company's direction and 

policies are  also  subject to criticism. 

These  are  not  inspections in the true sense. As such,  inspection items 

are  not  established. 

The  activities have no direct  effect  on  the  evaluation of field agencies  or 

their  supervisors. 

* There  are cases in which topics or countermeasures established as a 

result of going through the  examination process may be implemented 

over  the  course of  several  years. 

(4) Positioning  within Safety Activities 

The  positioning of "General  Safety Inspections" within  the  overall safety 

activities deployed by our company is as shown in Fig. 2. General safety 

inspections are  one  of the most significant  activities among our  regular 

activities and events, and our safety division pours considerable enthusiasm 

into holding  them each year. 
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(5) Reason  for  Beginning  "General  Safety  Inspections" 

When our firm was established in 1987 following the division and 

privatization of the Japan National Railways,  we  were  forced to start under the 

worst  conditions,  Including  restrictions on investment and  obsolete equipment 

due  to  the  difficult  financial  situation.  In  order to obtain the trust of customers in 

terms of providing a safe  and  comfortable  means of transportation, safety was 

set  as  the  most  important  management  policy  and  various  efforts  were  made  to 

ensure that safety. More specifically, after an accident occurred, instead of 

adopting countermeasures for that specific accident, priority was placed  on 

safety measures to prevent future accidents. Efforts were  made that focused 

on determination of cause instead of determination of liability. Instead of 

taking uniform measures  that  apply  throughout the company, detailed actions 

were taken that  take into consideration the characteristics of individual lines. 

Moreover,  efforts  were  made to achieve unification between  management and 

labor to promote  the  creation of a common  awareness. 

Despite these efforts, a series of accidents occurred  that had  a  major 

impact on our company, including a train  fire in March 1988, the derailment 

and overturning of a freight train after  the tracks were washed out by flooding 

of the river below  the  tracks in August,  and the derailment of a freight train, its 

separation and subsequent collision with another freight train in October. 

Various  discussions  were held to determine the causes and  examine 

countermeasures.  During the course of those  discussions,  numerous 

questions were raised, including - whether or not problems or desires of field 

I '  



personnel were  being adequately conveyed to the company headquarters, 

whether or  not  the  company headquarters had an accurate understanding of 

the actual situation in the  field, and whether or  not policies of the  company 

headquarters  were  being conveyed to employees in  the field.  The  conclusion 

was therefore reached that it would be necessary to actually observe 

operations in the field, listen to the opinions of field personnel and hold 

discussions with them. Thus, in addition to preventing the recurrence  of 

similar accidents, it was  decided to implement  "General  Safety  Inspections" in 

order to investigate  the  status of overall safety  efforts in the fleld.  determine 

any problems and reflect those findings in the  safety policies of the  company 

headquarters,  the  first  round of which  were  held in November 1988. 

( 6 )  Events from the 1st Round t o  the  2nd  Round of "General 

Safety  Inspections" 

During the first holding of "General Safety Inspections", the  president 

and other members of top management from  the company headquarters 

divided into groups and went out to visit roughly 80 field agencies. They 

observed the status of each field agency and discussed opinions regarding 

work performed  and  other  related matters directly  with  employees.  Although 

there were doubts in the beginning as to whether  or not employees would 

actually state their true  feelings  in front of top management,  valuable  opinions 

were expressed  that  helped top management  get a good understanding of the 

thoughts of field personnel.  There were many opinions expressed  regarding 

investigation of incidents, complexities going beyond what is required for 
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reports, and mistrust and apprehension over measures such  as disciplinary 

actions taken against  related  personnel. For example, one person mentioned 

that no matter If you  work  hard in your routine duties and various  activities,  you 

are subjected to disciplinary  actions  for  minor mistakes that  cause a train to be 

delayed  by just a few minutes.  Another  person stated that  even  the  most  minor 

mistakes are investigated in excessive detail, making it uncomfortable for  the 

person who  made  the mistake. There were also opinions that indicated a 

misunderstanding  on  the  part of  employees. For example, one person stated 

that i f  you stop a train to check its safety, you  end  up getting punished for 

causing the  train to  be delayed. Upon hearing  these  opinions,  top 

management  became strongly aware that company policies were not being 

conveyed to field personnel. Additional opinions  indicated  considerable 

apprehension concerning  what  actions should be taken during an  emergency 

with  respect to the duties they are  performing, the desire for more education 

and training programs, and that  equipment investments allocated for safety did 

not  match  the  actual  circumstances  at  field sites. 

Upon  returning to the company headquarters,  top  management 

examined these  valuable  opinions  and  deployed  the  following  types of 

policies. In order to remove any mistrust on the part of field  personnel 

concerning  accident  and incident investigations  and  related  disciplinary 

actions, company policy was  changed; instead of focusing on disciplinary 

actions,  the  objective was to look for  signs  of the potential for serious  accidents 

in  minor  incidents  and accidents, and  then  to  implement  effective 



countermeasures by gaining a correct  understanding of the  contents  and 

causes of incidents, since simply taking  disciplinary  actions will not solve the 

problem. In addition, the term "liability accidents", which  had previously been 

used to refer to incidents  caused  by  human  error  on  the  part of employees, 

was  abolished. To provide  practical  training  programs for  employees, 

comprehensive  training centers were  established at each  branch office, and 

programs  including  simulation  training  were  conducted  that  involved 

practicing  actlons to be taken in a simulated  emergency by using  simulated 

equipment such as train rolling stock,  stations  and  signals. In addition, in 

order  to make detailed investments in safety equipment that precisely matched 

the needs and  actual  conditions of field  sites,  construction funds  were 

allocated to the  chief of each branch  office  in  the  amount of a million dollars. 

This measure also  served as an opportunity to expand the transfer of authority 

to branch offices that would take place in the future. 

The  second  round of the  "General  Safety  Inspections" was held 7 

months later in July 1989 in  order to check on  the  progress of those matters 

implemented in  the first round, including  the  above policies. Field  personnel 

were  conspicuously  more  aggressive  in  their  expressing of opinions  in 

comparison with the first round. During the time that had passed since the first 

round of General Safety Inspections, the worst accident  in  the history of  our 

company  occurred in which  a train  stopped at a  station  was  run  into by a 

following train, resulting  in 2 deaths and  more  than 100 injuries. As a result, 

many of the discussions that took place  focused on  safety policies, including 
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expanding the introduction of systems that  drastically  improve safety, such as 

a safety system that  can  prevent accidents from occurring even when there 

has been an error by the operator, or a safety device in which protective 

functions  cannot be  removed or are not requlred to be removed. In addition, 

numerous  opinions  were expressed concerning train control duties, such as 

strengthening  the  execution system of those duties and  the  training system for 

controllers,  and improving wage  conditions in consideration of the  importance 

of train  control  duties in tailway  operations. 

Thus, the discussions held  at each field site covered a broader range 

and were  more  in-depth,  and all persons concerned had a  deeper  awareness 

of the  importance  and effectiveness of direct discussions between the front- 

line personnel and members of top  management, from the  president on  down. 

Since it was judged  that are probably  many  more subjects that should also be 

discussed, it was decided to hold  "General Safety  Inspections"  every  year. 

(7) Implementation Status  up to the  Present 

The  "General  Safety  Inspections"  have been held once or  twice a year 

since their second series, and this year marks the  14th  time  they will be  held. 

During that time, 2,120 field agencies have been visited, and more than 

15.000 persons have  participated in discussions. This figure covers nearly  all 

major field agencies,  and  corresponds to 25% of the roughly 60,000 

employees engaged in railway operations  and businesses. 

The  following is a list of some of the themes that have  been  taken  up in 

the past. - 



Ensuring safety during track maintenance work 

Ensuring safety during field work involving signals and communications 

Safe coupling  and  uncoupling of trains 

Level crossing safety countermeasures 

Introduction of new systems and  corresponding education and  training 

Present state and important topics  for the future relating to rolling  stock 

maintenance 

Problems in training new crew members 

Results 

The following  results  were  achieved  from  the  "General  Safety 

Inspections" that have now  been conducted  for the past 9 years. 

We  were  able to detehnine  weak  points in safety at field  sites  and 

develop countermeasures. 

We were able to suitably develop various safety measures based  on  the 

actual conditions at field sites. 

We  were  able to draft and  implement  mid-term  plans  for  improving 

safety and efficiency for each  field of operations. These mid-term plans 

are for  radical  improvements in the manner  in  which operations  are 

conducted, includlng safety measures, and are implemented by forming 

project  teams  for each field of operations, such as track maintenance, 

signals and  rolling stock, and  proceeding  with  the  development  and 

introduction of new technology  based  on  the  results of studies 

conducted at company headquarters. 
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* We were able to establlsh crew member education and  training 

programs as well as  install and improve the equipment  required  for 

those programs. 

The  company headquarters was able to gain  an  understanding of the 

actual state of field operations along with the opinions of field 

personnel, while  field personnel  were able to understand  the  policies 

and  way of thinking of the  company headquarters, t h u s  deepening a 

sense of mutual  understanding  and unity. 

The status of the  occurrence of railway operating accidents since 1987, 

when  our company  was established, is shown in Fig. 3. As can  be seen from 

this graph, the number of accidents has decreased remarkably and the level of 

safety  has improved. We are convinced t ha t  these "General Safety 

Inspections" are contributing  greatly to these results. 
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3. Future Outlook 

As has been described, "General Safety Inspections" have produced 

numerous significant results, and play  an  extremely important role  in terms of 

the implementation of safety  measures  by  our  company. 

Through these "General  Safety  Inspections",  the  company  headquarters 

was able to achieve unity throughout the company with respect to  the 

following: 

* "General Safety Inspections" offer a valuable  opportunity to directly gain 

an understanding of the  actual  conditions at field sites;  and, 

Problems can be resolved  rapidly  since  studies of problems are 

conducted  by  a  cross-sectional  organization  that  goes  beyond 

boundaries between divisions. 

On the  other hand, "General Safety Inspections"  had  the  following 

effects at field sites: 

* Awareness  of  various issues can be heightened through discussions 

with  members of top  management;  and, 

Promotion  of  problem-solving at field sites results in improved morale. 

Thus, we intend to continue  conducting  these  General  Safety 

Inspections in the  future as we deal  with  various issues that  arise. 

1 - 1  
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INTERNATIONAL RAILWAY  SAFETY  CONFERENCE  1996 

SOMERSET  WEST 07-09 OCTOBER  1996 

ONE-MAN OPERATION AND SAFETY 

- THE ASPECT FROM UNION - 
BY 

Mr  Hirokazu MIKI, Vlce  President 

East Japan Railway Workers' Union (JREU) 

1, Umon's view of one-man operation as the pursuit of efficiency 

One-man operation means that a driver operates a  train without a conductor's collaboration. The 

drivers' duty is of course fo operafe a frain safely and the conductor's is t o  deal with passengers. 

However, the conductor's collaboration is  essential for keeping train operations safe. Especmlly, 

when an accident occurs he has to conduct passengers to evacuate them and protect the  following 

train and other trains running on the adjacent tracks from a secondary accident to  minimize 

damages. 

Because of the different roles of the driver and the conductor, naturally,  both of them are on a train. 

But as a result of the development of automobiles, management of public  land transpodation, 

such as railways and buses,  faced a crisis. From the 1950's, the bus industv introduced the 

one-man bus system in oder  to improve efficiency, but the railway was behind time because 

railway coaches  are  bigger and driving distance was longer compared with buses. As the  number 

of automobiles increased dramatically in the 1970's, small local railway companies began to 

introduce the one-man train system to compete against automobiles. 

The unions  and management  reformed  the former JNR and set up the new JR Companies to 

reconstruct its bankrupt management in 1987. So, JREU did  not simply refuse the  introduction of 

one-man train that did not exist in me JNR era. 

We cooperate with the management to promote efficiency that is necessary to enhance the value of 

the railway in  the future but certain presuppositions should be fulfilled. We need to be sure to 

mamtain safety covering the whole railway system to ensure workers' health and to work 

pleasantly. When examining whether one-man trains were introduced we  believed that  the safety 

was the most important issue among those conditions. If safety  is not ensured a  one-man  train 

does not mean mprovement of efficiency even from the vlew of the management. 
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2, Development  ofmtroduction of one-man  train  operation in JR East 

One-man  train  operation  was  Introduced  initially in the  Ominato  line of JR East area in March 

1988, the year after the  new JR started. 

The  Ominato  lme is in the  northernmost pad of the JR East area and  the passenger denslty is  very 

low. The company  intended  to  improve  effmency and we  thought it was  important for us to  carry 

out  measures  that  contribute  to  the  management.  Furthermore,  we considered other elements : 

how  to preserve the  line  for  local passengers' convenience  and  for our union members' 

employment. 

After  the  first  introduction of one-man operatlon  its  use on other  lmes expanded year by year. 

By  the  end  offiscal year 1991 one-man  operation extended mainly on remote  local lmes that  were 

or/ginally  targeted  but after  fiscal 1991 it expanded to  main lines. 

As a result,  the  distance of one-man operation on main  lines became longer  than  in local lines. 

It began in  certain  sections of low  density  main  lines but the  volume of traffic was  much  more than 

the  local  lines: So, a certain  number of one-man  trains were composed of two carriages and  at  

first  the  facilities  that were indispensable  to  one-man  operation were not  fully provided in  the  main 

lines.  Then several problems developed. 

Other  various  kinds of problems have arisen. For example,  as one-man  operation was extended 

and  non-sfaffed  stations  increased year by year, the  duties of one-man frain drivers increased 

dramatically. Passengers' bad  behavior  and  cheating on fares became  constant headaches for 

drivers. 

The  latest  situation of one-man  operation  is as follows.  By M a x h  1996 its operation  distance had  

reached 2,000 km  and  its  ratio  accounted for  over 3G% of whole JR East  operation distance. 

- 2 -  
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Chad 1 YEARLY  EXTENSION  DISTANCE ( km ) 

FISCAL YEAR I MAIN LINES LOCAL LINES TOTAL 

1987 4.1 58.4 I 62.5 

1988 4.2 21.3 25.5 

1989 20.1 44.7 64.8 

1990 i 0.0 191.6 
~ 191.6 

1991 I 82.6 574.3 ; 656.9 

1992 : , 27.5 0.0 ~ 27.5 

1993 

! 

375.6  133.2 ,' 508.8 

1994 245.7 0.0 245.7 

1995 214.3  94.9 309~ 3 

1992 : , 27.5 0.0 
~ 27.5 ! 

1993 375.6 133.2 ,' 508.8 

1994 245.7 0.0 76.7 7 

1995 214.3 94.9 309~ 3 

TOTAL 

~ ~. 

974.1 11 18.4  2092.5 

Chart 2 YEARLY  AGGREGATE  EXTENSION  DISTANCE ( km ) 

! FISCAL YEAR 1 MAIN LINES I LOCAL LINES ! TOTAL I RATE( % )  1 
I 1987 I 4.1 ! 58.4 I 62.5 I 0.9 I 
I 

i 1988 I 8.3 I 79.7 i 88.0 I 1.3 1 

I 1989 I 28.4 I 124.4 ! 152.8 1 2.3 I 

! 1991 I 111.0 I 890.3 1 1001.3 I 15.0 I 
! 1992 I 138.5 I 890.3 I 1028.3 j 15.4 1 
/ 1993 I 514.1 I 1023.5 I 1537.6 I 23.1 1 

i 1990 1 28.4 1 316.0 I 344.4 I 5.2 i 
I 

I 

, 
! 1994 i 795.7 i 1023.5 I 1783.3 I 26.8 

1995 I 974.1 j 1118.4 ! 2092.5 I 31.4 I 

3, Regulabons on one-man operation 

In general, we say that one-man operation means one driver operates a train wlthouf a conductofs 

support but it has not been defined clearly by  any laws and regulations. 

H/storically, In 1971 the Kanto Railway, a local private railway company, introduced one-man  train 

In 1971. At that bme, if was allowed only when the  Minister of Transport approved it in conformity 

with an exceptional clause of the Local Railway Operation rule. From 1979 the  Ministets approval 

was not necessaly  because of partial amendment of fhe rule. 

The former National Railways introduced one-man trains,  limded to freight trains, in 1986, just 

before the JNR reformation. 

- 3 -  



When the new JR starfed In 1987 laws concernmg  the Japanes NaOonal  Railway and the Local 

Radway Operation rules were abolished and  a new Radway Drivlng  Rule was enacted instead. T h s  

rule refers to where one-man operation 1s allowed : conslderirtg  conditions of traffic and  situation 

of lines If the tram can  be operated safely without a conductor,  it will be approved. 

According  to  the  law,  when a drwer happens to be unable  to  operate a train  he has to be able  to 

apply  an  automabc  emergency brake equipped tn the  tram  and  operate rear signal Ilghts. Although 

I t  is supposed to be meffective, ' adminlstrative  guidance ' issued by government agencies is  more 

eflective as a business  practice  in Japan. Railway  undertakings run theu busmess following  the 

guidance. 

The Transport Mmistly's  admindrative  guidance regardmg the  Railway Operation  Rule is as 

follows. 

- 

Business  guldance : details of the Railway Operation Rule 

I ,  Single  track section 

1 - 1 Circumstances of line 

There is  no place that  will  hinde  passengers  from  evacuating  from 

the train when  an  incident occurs. 

1-2 Situation of train operation 

Passenger density  is  not high, so one-man  trains  can  be 

operated. 

1-3 Composition of carriages 

Concerning passenger  trains, the  number of carriages is  not 

many, so one-man  trams can be operated. 

1-4 Others 

a, When driving backward,  a staff  member  should ride in the  front 

of the  train  to  guide safely. 

b! A driver  can see Inside the  carriage  clearly  from  the 

position  where  he  handles  the  door switch. 

c, Staff involved in one-man  operation  should be educafed 

and trained  for a sufficient period. 

d, The railway  undertaking  should  educate passengers over a 

sufficient period. 

2, Double track section 

The railway undertaking  should  fulfill  fhe above conditions  and provide 

facilities to  protect  the  train  automatically  from  danger  from  adjacent 

tracks where there are sharp curves and vtsibility I s  restricted. 
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4, Problems in real work 

There are laws and rules, at least, but they  are so abstract that railway undertakings have to 

manage how  to maintain safety. It depends on managers' decision. 

The laws and rules were lafd down supposing all passengers  were  people  of good will. However, it 

is wrong in reality. Some  of passengers  intend  to  cheat on fares  hecause of a one-man train. 

Even if they are  good they are not calm and neat. One-man train drivers  have to deal wdh 

drfferent types of  passengers.  Examples are harring passengers who t r y  to get on the train that  is 

about to depart, elderly  people, tourds,  drunkards,  and so on. . 

One-man train drwers  have to deal with those  passengers who are not presumed in the laws. We 

began to know their mental stress was accumulating and we started to feel misgivmg about 

potential accidents. 

A/ter one-man operation started drivers'  duties  increased.  Besides driving they have to care for 

passengers' safety, such as watching their steps on and off the train. They also have to give 

information to passengers on the infercom and sell and collect tickets. We feared that drivers' 

original attention fo driving trains  might fall. 

According to  our union's survey, 60 % of  drivers said that they had  trvuhle wifh passengers  over 

dealing with fares  and so on. It is clear that these troubles made drivers upset. Especially, if 

might be a remarkable fact in JR East, most drivers worried about cheating on fares.  The  company 

said that they wanted  the drivers to make every effort  to keep safe driving. Cheating on fares  was 

below 2 %. Drivers should intend  to drive safely and nof have accidents because of being nervous 

about fare cheaters. However, in our survey, 90 % of drivers said that fare cheating affected their 

work. 

In addition, train drivers are accustomed to  drive trains accurately. Although  the company tells 

fhat the safety issue has prionly over  accuracy,  drivers are always in a dilemma between them. If 

he stops for too long when he is dealing with passengers he will tend to he in hurry to keep 

schedule accuracy. As a result, he does  not notice the red signal and might let the  frain start 

wrong. In fact, an accident  was reporfed that one  of drivers failed to obsewe the  starting  signal but 

started. 



Chart 3 Process of the accident 

DRIVERS ADDITIONAL STRESS  FACTORS  CAUSES OF ~ ACCIDENTS I 
DUTIES  ACCIDENTS I EXPECTED 

I 
i 

Passengers' safefy Accurate operation Bemg in a hurry ~ Wrong start j 
Gwng informatton , Fare cheating Mental stress 1 Passing I i 

1 
I station I ! 

I Selling & ' Uneasmess ! Unsktlled I ... I 
! 

! collecting tickets I 
I 

~ 

! Emergency actton j c o h i o n  ? I 

5, Negotiations and agreement 

Union and  management reached agreement and signed notes three  times : The first was in 

December 1987 just before the  stad of one-man operation in  March 1988. We signed the second 

and  thlrd, when one-man operation  exfended rapidly, problems emerged and unton members 

strongly demandedr improvement . 

Chad 4 Progress of negotiation 

FISCAL  YEAR I NEGOTIATIONS i TOTAL (km) RATE( % ) 

1987 1 December 1 Conclusion of note I 62.5 

1988 I I I 

0.9 

2.3 1989 i I I 152.8 

! 88.0 1.3 

1990 I 344.4 5.2 

31.4 

One-man operation was on the agenda three ttmes during  union  and management  collective 

bargaining. This means  that problems concerning one-man  operation are varied and dificult. 

Regarding facil/ties, they have been improved  gradually  but  the levels have not been standardized 

or  they need to be improved again. For example, the company put a mirror on a platform but it did 

not work because  of deep snowfall. 

The union proposed a basic six-point demand on one-man  operation  and talked with  the 
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management but we  have not  reached a concluston. In the negotiation on working  conditlons it I S  

usually very difficult that opmions between unlon and management can agree perfectly but we 

belleve that the problems will be solved through serious negotiations. 

Union and management  reached conclusion of the  third note in December 1995, 

AGREEMENT OF JR  EAST UNION AND MANAGEMENT ON ONE-MAN OPERATION 

I ,  Prospect of standard on low  density  frafic lines and less crowded 

trains 

Review one-man tram operation considermg special nrcumstances of  

the lines, passengers  and rolling stock. 

; 2, Prospect of maximum number of  rolling stock on a one-man train 

; 
! 

In  the present circumstances not more than two. 

1 3, Prospect of remodeling and renewal of rolling stock 

; Present remodeled rolling  stock cannot be replaced immediately but 

: the company will renovate it to be more user-friend/y. 

/ When the company om'ers new rolling sfock for one-man operation 

I the management will take advice from the one-man train drivers. 
1 

I 
: 4, Prospect and schedule of  introduction of  CTC to  the electronic 

~ In  this  fiscal year, in  the  electronic stoppage secflon of line 

i 

j 

stoppage section of line. 

the company will take measures to prevent wrong departures  because of 

driver errors. For example, install some preventive equipment. 

! 
5, Prospect and schedule of fully equipping of train radio. 

When new one-man operation starts train radio will be fully equipped 

but at the moment the company should provide cellular phones 

complementarily and  also discuss development of new communicafion 

fechnology. 

I 

! 
I 6, Prospect of keeping  safety in ultra-long  tunnel 

i l f the train goes through  an  ultra-long  tunnel more than 2,000 m 

j the controller should know  the time of going in and out. If it takes 

much time  to go through the tunnel the company should equip devices 

to communicate to  the controller. The company will  install coaxial 

- 
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cables In the  tunnels from 500 m to 2,000 m long. 

7, Prospect  of instalimg a parfhon board between a driver and 

passengers'  car. 

The company will  immeddely  mstall a parthon board made of acrylfc 

resin to protect the driver, 

I 

1 8, Prospect of preventwe measures against passengers' dishonest acts. 

The  company will Investigate the fact of passengers' dishonest acts 

and take preventwe measures against them,  for example, installing a 

ticket barrier  where  passengers transfer between  trams 

or exarnmng ticket in  the train. 

! 

9, Prospect of conducfofs duties during hohday  season. 

Conductors will ride in the trains during  the busiest time. 

10, Prospect  of one-man operation in the section of double-track line 

The  company should install radio  devicess for train protection and 

train radio system and also  equip the train approaching limit warning 

devlces  in the tracks that run next fo another company's line. 

6, Conclusion 

Originally, managers  decide  managerial problems. However, one-man operation concerns not only 

Improving efficiency as one of the managerial problems, but  also the matter of railway  safety. This 

case is  related to drivers' working circumstances. So, we insisf that we should create 

circumstances so that the driven can work without anxiety. 

Safety is the basic concern for  railway undertakings. As the union and management  of JR East 

understand that the safety  issue should be tackled is commono, we  have  discussed one-man 

operation and other safety  problems seriously. 

A fatal accident that is caused by one-man operation involving passengers  has not been reported 

but a certain number of incidents have occured. We are afraid that they might lead to  the  big 

accident. The Japanese  laws and guidance from supervisory government ofices are so vague that 

we cannot cope with incidents occuring everyday. 

! 

~ 

I 
i I 
i 

I 

! 

I 

I 

i 

i 



I; 

are operating. We would  like  to propose the  company  should face up to  the realrty and  take advrce 

from  workers  who have  real wisdom. 

The union's tasks are of course  to arm at securing  members'  jobs  and  rmproving  workrng 

condrtions.  However,  we  work serrously  takrng account of the  managerial  matters,  such as fare 

revenue. I am afrard forergn people  mrght  not  be  able  to  understand  that. We regard keeping 

safety as our prrority  and  wlll every  effort to  marntarn  &he  railway  that is one of the  main transpori 

means in Japan in  &he 2151 centmy. 
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IMPROVEMENT OF ONE-MAN TRAIN OPERATION 

BY 

Mr Makoto MIZUKAMI 

Vice chairman of Transpodation and Rolling 

stock  Secbon of  JREU 

1, INTRODUCTION 

One-man operatlon of passenger trams, which was introduced after the new JR started,  has  been 

extended to 2,000 km over 31 lines. Thls distance is about 30 % of all lines of JR East. 

In  one-man operation, a driver has to operate a train alone. Ai the same time he has to do other 

work that conductor and station  staff used to do.  The drivers concentrated on their driving work 

but  they have not focused  on only their  original duties. 

East Japan Railway  Workers' Union  (JREU ) accepted one-man operation in order to presewe local 

railway networks and maintain our workplaces for our members. However, each regional office of 

JR East introduced this measure without considering standards. As a result, facilities and 

circumstances on  each line differed from the others. So, problems including safety issues arose. 

As we heard many complaints and  much anxiety from our  union members, we, the Transpod and 

Rolling stock Section ( TRS ) of JREU, began to tackle the problem of one-man operation seriously. 

At Tirst, a principal point of our project was to maintain  the safety of one-man operation and to 

establish  the concept of ' ideal circumstances of one-man frain operafion ' from  the  union's 

standpoint. 

Now, I will tell you about various problems that we acquired through  the project. On this occasion, 

I wdl discuss mady  working circumstances of drwers and will omit  the  rolling stock problems. 

2, START OF' ONE-MAN PROJECT T B M .  

TRS had a meeting with representatives of  local organizations and  set up a ' One-man Project 

Team '. At first, we  made  clear the points, differences and problems of  each workplace and line, 

then  we deoded to send out a questionnave to learn about our members'  feelings on  one-man 

operation. 
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The items of questlomaire were 19, filled In by  elther a numbers  choice or wntting notes. The 

alms are, at first, to examme of maintainmg safety and  working  orcumstances in one-man 

operation workplaces, and secondly, to  establish ' ideal  circumstances of one-man tram operailon 

We sent  out  the  questionnaier  to our members whose  work  was involved in one-man operation. 

The number of questionnaires  sent  was 1,097 and  returned 1,053. The rate of collection was 96 %. 
It  was nearly 100 % returned except for people who were taking  sick leave or  training courses. The 

returned rate indicated to us that our members were very interested In thls  subject. 

Here I will  tell  you some results  from  the  questionnaire  concernmg safety. 

2-1 What additional work  burdens  you 1 

We asked what  additional  work burdenes you  during  one-man operation besides the  drivefs 

original  job. Dealing wi th  fares comes first, 40 %, because the driver has to do work that  used to  

be done by the  conductor  and  station  staff a/ /  the  t ime  he  is on duty. What is more, he had not 

dealt with fares  before the  start of one-man  operation. 

Giving  information to passengers  comes second  at  about 30 %. This work  is not included in 

drivefs  original jobs. As while  he  is driving he  gives  information on the  intercom and answers 

passengers' inquiries  he  cannot pay attention  to  signals  and  tracks well. In fact, one of drivers 

started  the  train  without  confirming  the signal. He spent  time on caring  for passengers. This case 

was reported as an  accident. 

The  top  two of the  answers  account for 70 %. Breakdown of the  ticketing  machine  and  protecting 

passengers from  injury  accidents  follow them. Others are dealing  with  drunkards, handlmg doors 

and  watching passengers' safety. 

Chart 1 Which additional  work  burdens you ? 

Kind of work ~ Rate (%) i 

1 ,  Dealing  with fares 40.0 

2, Gwing  information to passengers ! 28.8 ! 

3, Breakdown of ticketing  machine ! 9.7 I , 
: 4, Dealing with  equipment  mstalled  in  the  train i 3.3 

' 5, Train  cleaning I 0.9 

I 6. Others ! 76.2 

I 

! 

! 

I 

! 

! 

1 

I 

! 

I 

I 
I 

1 

1 

! 

I 

I 

I 

I 

1 

I 

I 

7. Do not feel anv burden ! 2.9 I 

~ ~~ ~ 
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2-2 Why  does  your attention to the signals deterlorate ? 

13 

I 1  

I1 

We asked if your attention to the signals had deterlorated. 80 O h  of drlvers sald ' Yes '. The 

reasons are delay  of trams, grvlng Informallon to passengers  and protecting passengers from mjuv  

accldents. The  causes Include most of the  additional work. 

Chart 2 Reasons why your attention  to  the signals deteriorated ? 

Reasons Rate (%I ' 

1, Delay of trains 27.1 

, 2, Gwmg information to passengers 25.0 

I 3, Dealing with fares 18.8 

' 4, Protecting passengers from Injury accidents 16.5 

5. Others 3.7 

Next, we asked if you had got info trouble with passengers. 65 % of drivers said * Yes '. The 

reasons are  dealing with fares. travel guidance and  drunken people and they account for 65 

Troubles with passengers make a driver's mental  sifuation unstable. What is worse, if they are 

involved in violence they will probably  affect train operation. Especially, cheating fares is serious 

and  the biggest headache  for drivers. 

We asked if you mind passengers' dishonest acts. 85 % of drivers said ' Yes ' but  in one region 95 

O h  of drivers mlnd it. Despite the fact that one-man operation is used  mostly on less crowded 

single-track lines ( some is on double-track lines I ,  drivers intend to drive trains punctually and 

safely. Passengers'dishonest acts reduce the safefy standard and workers' morale. 

If stafion sfafis work in every station few  passengers cheat on fares.  However, the more 

non-staffed sfaOons are Increasing under the name of efficiency, the more people try to cheat on 

fares. 

3, ID€AL WORKING  CIRCUMSTANCES FOR ONE-MAN OPERATION 

When you pracflce one-man operation you should provide equipment in  the train and ground 

facilities. Furthermore, working circumstances, such as driving  time  and distance, passengers 

density  and composition of rolling stock, are another big pmblem to discuss. 

3-1 Limit  ofdnving tome anddistance 

I 

The h i t  of one continuous drwing  time, according to the labour agreement between JR East 
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company and union. is 2 hours  and 50 minutes on the heavy traffic lines  and  from 3  hours  and 50 

minutes to 4 hours  in general. We had  the  following  results : ' 60 to 90 mtnutes ", 42 Q~ came first; 

' 30 to 60 mmutes ', 23 %, second,  and ' 90 to 120 minutes ', 14 %, third. 

Nexl, I will move on to the limtt of one  continuous  driving distance. We have not decided on this 

in our agreement. However, our members  answered  for  this  limlt : ' 50 k m  to 100 km ', 50 % came 

first; less than 50 km ', 35 % second, and ' 100 k m  to 150 km ', 6.5 %, third. 

Actually, there are differences in drwing  distance,  from  the shortest, 4.2 km,  to 143 km,  the 

longest. The  average 1s about 100 km. The limit replied by drivers was very moderate. 

Chart 3 Limit of one continuous  driving  time 

Limit ~ Rate (%) 

i I .  less  fhan 30 minufes I 4.9 

~ 2. 30 to 60 minutes I 23.1 

1 3, 60 to 90 minutes I 42.1 I 

I 4, 90 fo 120 minutes I 14.0 i 
15, more than 120 minutes 7.8 I 

I 

Chart 4 Limit of one continuous  driving  distance 

1 Limit 1 Rate (%) I 
I I ,  less  than 50 km 35.3 1 
I 2. 50 to 100 km I 50.2 1 . .  I 

! 3. 100 to 150 km ~ 6.5 

I 4, more  than 150 km i 1 .o i 

3-2 Ratio of passengers density  and  composition of rolling  stock 

A one-man train on JR East is composed of one or two carriages today.  Some of the private 

railway companies,  however,  operate three or four carriages in one-man  trains if stations are 

staffed. There are many  un-staffed  stations in the JR East area. So, 48.3 % of our  members 

answered  that  the  limit of carriage numbers  should be ' two ' and 43.2 % said ' one '. Totally, 91.5 

Va said . not more than  two '. Only 2.1 % said ' Three '. 

Regardmg the permissible ratio of passengers density, 58.2 % said ' 50 % to 100 % ' . 22.1 % said * 

less  than 50 Q/~ '. 

As passengers enter by the rear door  and leave the  from  front,  the  flow of  passengers must be 
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smooth, so the answers are natural 
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One-man  train drtvers are responsible for driving  trains safely, dealing wdh fares, keepmg 

passengers safe and handling  drunken people. They have to do  several kinds of work. 

Chart 5 Limit on the  number of rollmg  stock 

Limit ~ Rate (Oh) : 

I ,  One  rolling stock unit 43.2 

2, Two  rolling  stock units 48.3 ! 

3, Three rolling  stock  units 2.1 

Chart 6 Permissible ratio of passengers' densify 

' Maximum i Rate (Oh) 

1. less  than 50 % 1 22.1 ! 

1 2, 50 to 100 % I 58.2 ! 
13, 700 to 150 % 1 9.2 i 
I 4. more  than 150 % I 0.R ! 

4, Our proposal 

As a result of the  questionnaire, our project team  concluded  drivers needed the  standard of 

one-man operation to  protecf  themseves. We made a standard.  Transport  and  Rolling  stock 

Section ( TRS J proposed  Prospect of one-man  train  operation .. We presented it in the 

conference  called  Policy Forum '. It  is  sponsored  by JREU and  held every year. The  following are 

six main points of the proposal. 

BASIC CONDITIONS O f  ONE-MAN OPERATION 

One-man  operation  should be limited to single-track  lines. 

One-man  operation  should be for only  one  unit of rolling  stock. 

One  continuous  drivmg  time  should be within 90 minutes. 

One  continuous  driving  distance  should be within 100 krn. 

Passenger boarding  density  should be about 60 % so that  the  driver 

can see all passengers in the carriage. 

Operation hour  should  be  limited  from 9:00 to 15:OO. 



conference. The proposed . Prospect o/ one-man  tram operatron * was approved by many 

partlopants. After the d x u s s i o n  the conference declded  not to extend one-man operation  unless 

the  company  would  improve  these  conditions. 

JREU proposed a list of our demands  mcludmg  the above six mam  points  to  overtome  the I 
problems. I wrll leave oul the  details. We proposed: 

I 
* Clarification of one-man  tram  operation 6 items 

* Demands about one-man  train  operation 

I) Mamtaning safety regarding  employees  and  passengers 16 items 

2) Working condhons of one-man  train drrvers 5 Items 

3) Working  morale of one-man  train drivers 6 items 

4) Promotmg  local  lines 1 item 

At  the  beginning,  the  company reacted  negatively  because  regronal branches were responsible for 

measures for one-man  operation. However, we discussed the serious data  gathered from our 

union  members  with  the  managers earnestly. APer  the series of negotiations  union  and 

management agreed to  improve  facilities related to safety. 

5, CONCLUSION 

The  company  introduced  one-man  operation as one of the  management  measures. It pursued 

improving emciency. However, our  union  members  tried  fo go along  wifh  if.  Train drivers struggle 

to  perform their duties.  They collect  money, keep  passengers safe and  drive  trains accurately. 

Naturally,  investment in less busy  local lines wil l  be limited. We should  invest effectively. 

We strongly believe that  the  company  should  invest in safety '. The management  should hear 

volces  from employees  frankly. We felt that  significant  meaning  In our project and the 

consequence of the  discussion  with  the company. They will  definitely  contribute  to safety of 

one-man  operailon. 

We will  contmue  to  work on this  subjecf. We wil l  review the effectiveness of safety investment 

agreed  between unlon and management. We are insisting on safer and more user-friendly 

one-man tram  operation. 
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MR A.I. DREYER : GROUP RISK MANAGER, TRANSNET LIMITED 

A HOLISTIC, INTEGRATED SAF'ETYlRLSK AND ENVIRONMENTAL 
MANAGEMENT SYSTEM IN SUPPORT OF A PREDICTABLE  SERVICE : 

BRIDGING THE GAP FROM THE PRESENT TO OPTIMAL EXCELLENCE. 

RAIL SERVICES - & IMPORTANT ROLE PLAYER IN A MACRO  ECONOMIC 
STRATEGY 

In the Southern  African context, the macro economic strategy which sets out goals for the 
South African economy, was announced in June 1996 by the South African Government, 
This strategy sets out targets such as attaining a growth rate of 6% per annum and creating 
400 OOO jobs per  annum  by the year 2000, while concentrating capacity building on meeting 
the  demands of international  competitiveness. 

The plan also promotes interrelated developments such as accelerated growth in non-gold 
exporrs, an  improvement in the intensity of investment  and output growth and an increase in 
infrastructural development and service delivery. 

The plan leans roward  supply-side economic measures designed to lower unit  cost  and 
expedite progress up  the value chain. 

Transnet, and  in particular Spoornet, being a major role player in the macro economic 
context in South Africa, can make a significant contribution to the success of the above- 
mentioned  plans through, amongst others, i t s  predictable service strategies. 

An integrated Safety/Risk/Environmental Management system/process approach can serve as 
a critical tool for  the promotion of a predictable service in Transnet. (See Figures 1 and 2.) 

A predictable serwce, as the concept implies, depends upon  the timeous 
executionkornpletion of cer ta in  logistic activities. The end result being  the  on-time delivery 
to destination of goods in transit to  the satisfaction of the customer. 

TO achieve the  above-mentioned objectives signifies that any possiblelprobable delay or loss 
producmg event  should pro-actlvely be identified, evaluated  and eliminatedlcontrolled. 
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Risk, when I t  materialises,  manifests  itself in loss to people, property, process and  the 
environment. In  the logisticsltransport chain the aforementioned losses inevitably  cause 
delays and counteracts the objectives of a predictable service. 

The effect of the delay/impairment will  depend  upon  the seriousness/severity of  the 
delaylloss as well as the frequencylprobability of such delaysllosses taking place. 

The success of a predictable service, therefore, depends to a large degree on the  manage- 
ment of rlskiloss  associated  with  the  logistics chain. 

THE HOLISTIC. INTEGRATED SYSTEMSPROCESS METHODOLOGY 

To achieve  success  with the management  of  risWloss it is suggested that a holistic, 
integrated  system/process philosophy be adopted. (See Figures 3 and 4.) 

This approach  calls  for the systematic but focused applicatlon of the primary risk  control 
disciplines  within a safetylrisk and environmental management system in the risk/loss 
sensitive areas of  the systendprocesses involved. 

The safetylrisk management system must  be integrated into the  line management function, 
but line management is to be facilitated/supported/monitored by safetylrisk management 
staff. 

RISK ASSESSMENT: A MAJOR FOCUS AREA 

Risk  assessment  lies  at  the heart of  this  proposed angle of approach. (See Figure 5.) 

It is maintained  that  risk assessment, based  upon the principle of system/process analysis, 
can  make a significant if not vital contribution to the  success of the predictable service 
strategy. 

System/process risk analysis/assessment is to be viewed  against the background of 
describing a business in terms of an integrated system/process with sub-systemslprocesses, 
supported by various  types  of infrastructure and design. (See Figure 6.) 

The synergism  between SafetylRisk Management, Environmental Management, Quality 
Management and productivity  is also borne out within the  interactive systems context and  is 
to be  applied as such within the concept of risk assessment and control. (See Figure 7.) 
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MAIN  CATEGORIES OF RISK 

Although  the  initial focus might be on assessing operating or pure rsks in relation to . .  
ensuring on-time logistics associated with a predictable service, the risks such as 
intermediate and busmess/speculative risks can  and should, as necessary, be considered. 
(See Figure 8.) Apart  from  necessity,  the underlying reason for this being the integrative 
nature of the  various categories of  risks. Systems/processes operate/function within an 
environment. A holistic, integrative approach, therefore, requires essentially that the impact 
of the systems/processes on the environment also be considered  when executing a 
system/process risk analysislassessment. 

RISK ASSESSMENT INCORPORATED IN TKE SAFETY/RZSK AND 
ENVIRONMENTAL MANAGEMENT  SYSTEM 

The risk assessment process should in essence constitute the nucleus of a safetylrisk and 
environmental management  system within a policy and organisational structure to  which all 
levels of management and other staff are committed. (See Figure 9.) 

The system/process method  of risk analysislassessment can and should be done ideally 
within the context  of a holistic, integrative but focused  approach. This implies that hazards 
(pure) risks, environmental aspects/risks as well as business risks are identified, evaluated 
and that control  and financing measures are instituted in a synergistic and co-ordinated 
mode.  (See  Figures 10, 11, 12, and 13.) 

LEVELS OF ASSESSMENT 

Three levels  of  risk assessment are foreseen, viz. macro, macrolmicro and  micro. (See 
Figure 14.) 

The macro level  is applied to identify  and prioritise the  main systemslprocesses constituting 
the totakomplete system/process to be evaluated. 

From experience i t  can  be stated that  the macrolmicro level of assessment produces the  most 
productive results. (See Figure 15.) 

I n  this  phase of analysis risk/loss sensitive areadaspects are identified within the  process 
elements belng analysed. Interfaces, accumulations/concentrations and  changes are 
Identified as mtlal mam areas of potential rlsk/loss. 
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The severity/probability of potential  risk/loss, as well as immediate and associated basic 
causes of potential risk/loss, are evaluated and prioritised. 

Current control measures/standards and associated management systems that are already in 
place to el~mmate/control potential  risk/loss  (addressing basc causes), must be  identlfied 

and  any  shortcomings  thereof  determined. 

Where deficient, additional measuredstandards and associated management systems are 
developed and implemented within the risk sensitive  system/process  elements with potential 
rlsk/loss, in order to eliminatelcontrol  the  potential basic causes, as identified. 

Micro/detailed or discipline  specific  analysis  might be required within certain 

system/process  elements, in order to pinpoint  specific detailed basic causes of potential 
risk/loss  for detailed control purposes. 

A HOLISTIC. NTEGRATTVE SAFETY/RISK AND ENVIRONMENTALMANAGE- 

MENT SYSTEM. TO EMLLWCE  A PREDICATABLE SERVICE : BRIDGING THE 

GAP 

The risk  assessmendreview  process and associated  management  systems  constitute essential 
components of what is considered to  be the key building  blocks/key result areas in a holistic, 
integrated but focused  method  of  bridging  the  gap  from  the  present  to the optimal excellence 
position  in protecting people,  property and the  environment (and the  income statement and 
balance sheet) of  a  company  such as Transnet, and which would also enhance the 
predictability  of  service in the  railway industry. (See Figure 16.) 

Experience has proven that certain  building  blocks or key result  areas are required to protect 
people,  propeny and the environment  through  the prevention/elimination/reductlon of 
risk/loss and the financing of those losses that still occur. 

The different hierarchical levels  within  an  organisation e.g. Group Office, Business Units 
and  Operational  Units, are all role players with varying levels of involvement in relation to 

the  different key result areas. 

The following  building  blocks are considered  essential for bridging the gap between the 

present  to the optimal excellence  position in controlling  risk/loss and thereby enhancing a 
predlctable  service within an organisation. 

Legislation in regard to health,  safety,  environment,  etc. 

Knowledge of safety/rlsk/environmental/quality management  principles 

Safety/risk/environmental/qualiry management research and development and continuous 

Incldent reportmg and causal  analysis/follow-up  actlon and review 

improvement 
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Risk/environmental assessment/reviews; macro, macrolmlcro, mmo as  well as d~sciplme 

Safery/ris~environmental/quality management techniques/measures/standards/manage- 

Macro  and micro  risk/environmental qual~ty management monitoringiauditing 

Internal  risk/loss  financing 
External riskhoss financing 

Claims  management 
Optimisation  of  the  cost of risklloss 
Safety/risk/environrnental management strategy/policy/strategic objectives as well as 

Supporting organisational structures and resources 
Co-ordmated application of primary risWenvironmental/qualiry management disciplines 

Leadership commitment, communication  and culture 
Training in risWenvironmenta1  management 

specific assessmentdreviews 

ment systems 

business unit and  operational objectives 

Safety/risk/environmental management  staff 
Line  management  staff 
Operating staff 

Management  information  systems. Computer assisted safety/risWenvironmental/quality 

National/international  benchmarking 

It is  believed  that a holistic, integrated safetyhisk and environmental management system, 
comprising all the above building blocks, should constitute an important if not  crucial 
element in rendering a predicable service in the  rail transport industry a success, and 
bridging the  gap from the present  to the optimal excellence future position. 

management systems 
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Averaged stafflng last year I19951 28 404 human Years 

14 bllllons passenger-ktlometers 

2.739 km  of  ratlway tn exploltatton 

EO % of  the ratllnfrastructure IS provided  wlth Auromattc  Tram Protectlon 

Thls AT?  system IS not  acme  below 40 ktiornerers per hour, so It 15 Stlll posstble t o  pass a 

slgnal at danger. 

900,000 passengers are using  the rad system dally. 

T r a m  per day: 4.500. 
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and I or 2zssengers In a few c2ses an irregularity can lead ic a crash  or  derailment.  whtch In turn 
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Chapter 1 

Introduction 

1.1 The  Netherlands Railways and  Railned 

Railned B.V. is a  subsidiary of the  Ketherlands  Railways (NS), that provides an optimal 

and safe exploitation of the  Dutch  railroad network. The company  consists of the following 

departments: 

Capacity allocation 

0 Capacity  planning 

0 Innovation 

e Railway Safety 

Capacity allocation controls the conflicts that arise when  allocating the  capacity of the 

infrastructure. Capacity planning gives the government advice about  adjustments in the rail- 

way infrastructure.  Innovation  devises  systems that will increase the  current utilization of the 

capacity of the  infrastructure. My assignment was performed at  the Railway Safety depart- 

ment.  This  department's mission is t o  prevent and  reduce  injuries  and losses in the railway 

system. Railway Safety is responsible for policy management,  norm  establishment,  inquiries 

into  accidents,  safety  investigations and regulations. The place of Railned Ltd. within the 

Netherlands Railways concern is illustrated in figure 1.1 and  some  statistics of NS in 1995 are 

summarized  in table 1. 

Total  operating revenue  5607 mlllions 

Averaged staffing . 28404 human  years 

Passenger-kilometers 13977 millions 

Tonnage-kilometers 3097 millions 

Railway length in exploitation 2739 kilometers 

Level crossings 3061 units (of which 1951 manned) 

Stations for passenger transport 372 units 

Seats 196 thousands 

Passenger stock 

Reieht stock 

2611 vehicles 

3237  vehicles 

Table 1 

5 
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1.2 Description of the  assignment 

Scores of irregularities occur  in  the railway system, which endanger the safety of railway 

personnel and/or passengers. Examples of such irregularities  include malfunctions of switches 

and signals or delays. In a few cases an irregularity can lead to a  crash or derailment, which 

in turn may result in casualties and damage  to equipment. 

As a result of this the  thought  has been put forward that certain relationships exist 

between the Irregularities on the one hand and the occurrence of accidents on the other.  This 

phenomenon  is also expressed as safety by trmetable, which states  that no accidents can  and 

will occur if all trains  are  operating  exactly according to  the  timetable. 

The main purpose of the  assignment is to  statistically  substantiate this thought  and to 

make forecasts about  the  extent of railway safety. Through this, preventive actions can 

be taken to  decrease risks. Until now the available data have never been investigated in a 

mathematical/statistical way. Therefore this assignment can also be thought of as exploratory 

research that will enable further  statistical survies in this field in  the future. In addition,  this 

research is also meant  to serve as a  guiding principle for the policy and risk management by 

Raihed. 

1.3 An overview of the report 

This report has been organized in such a manner,  that readers without a  statistical  background 

can still follow the general setup of the survey. In the next chapter we  will describe how the 

data have  been acquired. We will also describe  what kind of data we have at our disposal. In 

chapter 3 the reliability of these data is investigated. Chapter 4 presents the main questions 

and the  approach that will lead to  an  answer  to these questions. Chapter 5 summarizes the 

findings of the  analysis  and  a final discussion is  given in chapter 6. 

The appendices are meant for readers  familiar  with  statistics. Appendix A is concerned 

with the  statistical  analysis of the  data. Appendices B, C and D are meant for the more 

mathematically  interested readers. These  appendices contain some of the  mathematical the- 
ory that forms the basis of appendix A. Appendix E consists of the figures that  are part of 

the statistical analysis. 

6 
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Figure 1.1: The Netherlands  Railways Concern 
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Chapter 2 

The data 

The irregularities and accidents that  take place in the railway system  are  registered  daily 

by means of a log book at  the traffic controls all over the country. The  input of these 

registrations takes place at  both  the traffic controls  and at the LGVL'. Every month  the 

registrations are then electronically passed on to Railned. Serious accidents are  thoroughly 

investigated, resulting  in an  elaborate  report.  These  investigations  are  grouped  in classes 

ranging from 1 to 4, where class 1 includes the very serious  accidents. The  purpose of the 

investigations is to  determine  the  risks, the canses and  the consequences of the accidents.  A 

method has been developed to evaluate the risk, the so-called Risk Analysis Method (RAM). 
At the end of the  reports, recommendations are made to prevent  a  recurrence of the accident. 

The above procedures provide Railned Railway Safety the  data it needs to perform  risk 

analysis. Until now analysis of these data has been restricted  to  frequency  and  trend research. 

In this report we will use more formally statistical  methods  to  analyze  the  data.  The  data 

are filed in a database, called MISOS'. MISOS contains  circa 300.000 irregularities,  registered 

in the yezrs  1989 until 1995. Further,  the  database  contains circa 4500 accidents,  registered 

in the years  1981 until 1994.  For practical  reasons, we will only use the  data in the years 

1991 until 1993. The  actual analysis will be carried out  with  the  statistical  computer package 

SPSS for  windows, version 6.1.2. 

Every registration consists of the following information : 

1. The date of occurrence. 

2. The time of occurrence. 

3. The trafEc control that registered the irregularity/accident 

4. The moment of occurrence  (morning  rush-hour,  evening  rush-hour  or off-peak hours). 

5. The place of occurrence. 

6. The category the  registration is divided  into. There are five categories,  namely 

(a) NS Traffic Control 

(b) NS Travellers 

'Management lnformatlon System Irregularities Railway Sdety 

'Rural Coordinatlon Center Traffic Control 

9 
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(c) SS Cargo 

(d)  3 s  Equipment 

(e) XS R a i l  Infra Control 

7. The subcategory the  registration is divided  into. 

Every category is classified further according to  the  nature of the  incident. 

8. The  area in  which the irreguIarity/accident  took  place. 

9. The number of the  train that  was the direct  cause. 

10. The delay this  train  has  incurred. 

11. The equipment  number of this  train. 

12. The inquiry  number of the incident. 

13. The delay code of the  irregularity/accident (d).  

This d is determined on the basis of the delays, the  nature  and  the  number of trains 

involved. This code has a value  ranging from 0 to  8. 

14. The section value (s). 

The place of occurrence in  the railroad  network is assigned a value ranging from 1 to 6. 

15. The unity of company disruption (ucd). 

Every re,&tration is assigned a measure  that  indicates  the  extent of disruption,  caused 

by the irregularity. This value is computed by means of the delay  code and the section 

value  according to  the  formula 

ucd= -.  
s x d2 

10 

16. A description of the incident. 

17. Causes of the  incident. 

The database contams more detailed information about  the accidents for which an Investlga- 

tion has been sec up. For instance,  information about  personal  circumstances,  injuries,  the 

weather at  the time of the  incident,  cost  information and  proposed  actions or actions  that  are 

t o  be carried out. 

For our  analysis we have selected a number of irregularities  that occur most frequently. 
These  are 

1. Absent  personnel 

These irregularities  include for example cases  where the  train inspector,  driver,  shunter 

or platform  inspector is not a t  his or her post in  time. 

2. Communicat ion disturbance/disagreernent between  personnel  

These irregularltles  include for example  cases  where  there is a mlsunderstanding or 

disagreement between the  driver  and  the  shunter.  Another example is personnel that  

has  not been informed correctly. 

10 
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3. Rush  due  to  passengers 

These irregularlties include for example cases where there  is  a  great  rush of passengers. 

But also  cases where disabled passengers have to be helped to get into or out  of the  train 

are included. Another example is when the  train is waiting for luggage to be loaded or 

unloaded. 
~~ 

4. I r regular i t ies   with/due  to  preparation of the   t r a in  

These irregularities include for example cases where trains have been wrongly formed. 

Other examples are when a full or  partial brake  test has to be performed,  or when a 

journey report has to be made. 

5. Late  platforming 

These irregularities include cases of delay when bringing trains  into  the  stations. 

6. Malfunctions of signals 

These irregularities include for example  reportings of occupied tracks or signals that  are 

out. Another  example  are  signals that  stay in the  stop position. 

7. Malfunctions  of  switches 

These irregularities  include for example  switches that do not  respond or are  not  under 

control. 

8. Maintenance  work  not  finished in t i m e  

Irregularities of maintenance  activities that  take longer than planned are included  in 

this category. 

9. Malfunctions of roll ing  stock 

An example of a  frequently  occurring  problem is the malfunction of the doors of a train. 
~~ ~ ~ 

The selection has been made by means of the  category/subcategory  number  and in some cases 
of the description of the  incident. 

/ '  
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Chapter 3 

The reliability of the data 

Before we start with the  actual analysis, we investigate the reliability of our  data. It is 

important  to know  how the  data reflect the reality. In order to investigate  this  aspect, 

we compare our data  with the measurements that were made by ROVER ’. This association 

counted the number of arriving and departing  trains that were delayed at  a  number of stations. 

The research by ROVER  was performed in the period of September 1993 to February 1994. 

Every  station was observed 4  times (on 4 different days) ; two observations during  the morning 

rush-hour (7.00-10.00) and  two observations during  the evening rush-hour (15.00-18.00). All 

observations were made on a Wednesday. The  stations were chosen in such a way that almost 

all train serials on the  Dutch railroad network were observed on at least  one  point of their 

route. Trains were observed at the following stations : 

Amersfoort 

Amsterdam CS 

Eindhoven 

Leiden 

Rotterdam CS 

Utrecht CS 

Zwolle. 

Due  to  the limited time, we only consider the  stations  Amsterdam CS, Zwolle, Leiden 

and  Rotterdam CS. In order  to be able  to make a  comparison, we have to use our data  to 

calculate the numbers of the  same quantities as ROVER  has  done.  This is done as follows. 

For every  station all numbers  of  the  trains  that  anive  and  depart  during  the  time intervals 

7.00-10.00 and 15.00-18.00 are determined. On one day these numbers  are unique. Next a 

selection from the  registrations  has been made, based on the  date/time of the registration and 

the  number of the  train involved. For example, for the  station  Amsterdam CS we select all 

trains  that incur an irregularity on an ROVER observation day, and pass  Amsterdam CS on 

their way.  However, not all these registrations  should be used when determinlng  the  number 

Of arriving and departing  trains which are delayed at  the  stations. For instance, if a train is 

~~ 

1 
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delayed after i t  has passed Amsterdam CS, then  it will not have been  observed by ROVER. 

After  filtering ou t  these cases,  the  remaining  irregularities have been divided  into  three classes: 
a. in time : 1 minute early, in time  or  maximum  delay of 2 minutes 

b. slightly delayed : delay of 3, 4, 5 or 6 minutes 

c. seriously delayed . 7 minutes delay or more 

In dividlng the cases, the following assumption  has been made : 

“If a t m m  travels from A to  B and is delayed in A ,  then thzs tmm will a m v e  and depart 

unth (appmnmatefy) the same delay in B.“ 

For trains  with a serious delay, this is a reasonable  assumption.  For  trains  with a  slight 

delay it is not, because it is possible that a few minutes of delay is made  up (see 2 below). 

When  comparing  our  numbers  with  the  ROVER  numbers, we can expect  certain diiierences. 

These  are caused by the way our registrations are made. 

1. Only  irregularities tha t  cause  a  delay of at least 2 minutes  are  registered in the log book. 

Trains that have not  been involved in an irregularity will not  be  registered. Hence, the 

numbers of the class ‘in time’ are  not  suitable  for comparison. 

2. Trains that have incurred a delay of a couple of minutes  are  often not registered. The 

traffic controk can judge  from experience whether a train will make  up a few minutes 

of delay or not. ROVER, however, does register  this  train.  The  numbers of the class 

‘slightly delayed’ are  therefore  not  suitable  for  comparison  either. 

3. An irregularity is only registered once. For  instance, if train I1 is  delayed  because of 

an irregularity  caused by train I, then  only  one  registration will be  made for train I, 
no matter how many  trains were delayed because of train I. ROVER, however, does 

register all delayed trains. 

4. If the  doors of a train  are closed (open),  then  ROVER considers this  train as ‘departed’ 

(‘arrived’). NS, however,  considers a train  ‘departed’ or  ‘arrived’  when the train  has 

passed a  particular  signal. 

Finally, we also note that  ROVER,  due  to lack  of personnel,  has not been  able  to observe all 

t r a m .  About 90% of a l l  trains have actually  been  observed. 

Given all these  considerations, we may  conclude that a  somewhat  meaningful  comparison 

can be made on the basis of the  numbers of class  c,  the  serious  delays.  The  results  are 

summarized in  table 2’. In  this  table we see that  ROVER registered more seriously delayed 

trains  arrlving  than A’S at all four stations.  At  the  stations Leiden and  Rotterdam  the 

numbers differ by approximately a factor of 2. If we look at  the  departures, we see that only 

Zwolle and Leiden show differences. In Leiden, it is ROVER which registered  more delayed 

trains again. In general we may  conclude  that ROVER registers  more  serious  delays than 

NS does. In some cases this is about twice as much.  This difference is most likely caused 

by the way the irregularities  are  registered,  and  perhaps  also by registration  errors, since the 

registration is still done by hand.  The differences among  stations can be explained by the  fact 

that some  traffic  controls  register better  than  other controls.  Hence, if we wish to  determine 

the  number of serious delays by means of the  registrations  made by A’S, we will have to keep 

‘The sum of the percentages in the NS column does not have to equal 1M) ?& (see 1). 

14 



in  mind  what  these  numbers  mean  and how they were  obtained.  The  fact  that  they  are in 

general  somewhat lower than  the ROVER numbers  does not necessarily  mean that  they  are 

unreliable. In what follows we will use  the NS registrations for our statistical analysis. 
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Amsterdam CS 
arrivals 

departures 

Zwolle 

arrivals 

departures 

Leiden 

arrivals 

departures 

b t t e r d a m  CS 
arrivals 

departures 

NS 

in time : 4 (1%) 
slightly delayed : 13  (3%) 
seriously delayed : 15 (3%) 

in time :'4 (1%) 
slightly delayed : 9 (2%) 
serlously delayed : 12 (3%) 

in time : 2 (1%) 
slightly delayed : 4 (2%) 
seriously delayed : 6 (3%) 

in time : 2 (1%) 
slightly delayed : 2 (1%) 
seriously delayed : 7 (3%) 

in time : 2 (1%) 
slightly delayed : 3 (1%) 
seriously delayed : 9 (3%) 

in time : 2 (1%) 
slightly delayed : 3 (1%) 
seriously delayed : 10 (4%) 

in time ' 5 (1%) 
slightly delayed : 12 (3%) 
seriously delayed : 13 (4%) 

in time : 3 (1%) 
slightly delayed : 10 (3%) 
seriously delayed : 15 (4%) 

Table 2 

ROVER 

266 (71%) 

64 (17%) 

19 (5%) 

361 (90%) 

28 (7%) 

12 (3%) 

98 (63%) 

30 (19%) 

8 (5%) 

137 (80%) 

3 1  (18%) 

3 (2%) 

189 (70%) 

51 (19%) 

22 (8%) 

190 (69%) 

69 (25%) 

17 (6%) 

216 (67%) 

68 (21%) 

23 (7%) 

266 (80%) 

13 (4%) 

50 (15%) 



Chapter 4 

The experimental design 

4.1 The main questions 

Nearly half of the investigations that have been carried out by NS have been cases of “Signal 

passed at danger” (SPAD). A  SPAD  leads  to  a  dangerous  situation. Most of the very serious 

accidents, which occur approximately every 5 years, are preceded by a SP.4D. 
In order  to  investigate the  relationship between the irregularities  and the  extent of railway 

safety, we have therefore  decided to focus on these SPADs. The questions we will try to 
answer are : 

‘?s a SP.4D preceded by an increased degree of disturbances  and irregularities ? 
If so, are  there any specific irregularities involved?” 

4.2 The approach 

In order t o  find an answer to the  questions  stated  in  the preceding  section, we proceed as 

follows. We select a  number of districts for further  investigation.  These  are as follows 

Crrecht 

Amsterdam 

Rotterdam 

Den  Haag 

Amersfoort 

Eindhoven 

lMaastricht 

Zwolle 

Roosendaal. 

17 



= z z e d  CHAPTER 4. THE EXPERIMENTAL DESIGN 

For every dlstrlct we examine all SPAD investigations  between the years 1991 and 1993. 

Since the date,  district  and  time of occurrence  are  mentioned for  every  SPAD, I t  is possible 

to determlne the  amount of disturbances  preceding  the  SPAD in that district. We determine 

this amount of disturbances by computing  the  total ucd (unity of company  disruption)  that 

was reglstered during  the four  hours preceding the  SPAD. Here we include all registered 

irregularities, not only those  mentloned in chapter 2. This is  done for every SPAD in all 

districts. In this way, every SPAD i is assigned a value, say X, for the  zth SPAD, which 

represents the amount of disruption  that preceded the  SPAD  with case number i. What 

we would  like to do now is to  compare  this value X, with another value of the ucd which 

represents the degree of disturbances  under  exactly  the  same  circumstances,  but  with  the 

difference that  these  disturbances  are  not followed  by a SPAD. We will denote this value by 

Y,. The  computation of X, and Y, is best  illustrated by an  example. 

Suppose  a SPAD  with  case  number i took  place  in Amsterdam  on April 15th 1991, which 

was a Monday, a t  19.00  h. The  value of X, is then  computed  by  determining  the  total  amount 

of ucd’s that was reglstered  in the  district of Amsterdam  on  April  15th 1991, from 15.00 h 

till 19.00  h. For the  computation of the value of Yi, we select  all  Mondays in 1991 on which 

no SPAD  occurred. For every  selected  Monday we compute  the  total  amount of ucd that was 

registered from 15.00 h till 19.00 h, again only  in  the  district of Amsterdam.  The  value of Y, 
is then computed as the  mean of all these values. 

In this way every amount of ucd  during  the  four  hours  preceding a SPAD is paired t o  

a value of the  amount of ucd during  the  same  hours  but  under ‘normal’  clrcumstances that 

did  not cause a  SPAD.  By  means of painvise  comparison of these values, we hope to  obtain 

information about  the difference in  degree of disturbances for time intervals  preceding and  not 

preceding  a  SPAD. This  seems  to  be a fair  comparison,  since  we  examine  the  SPADs and ucd 

values per district. Also, we only  consider  the  irregularities that  took place during  the four 

hours preceding the  SPAD, since it is not very likely that  an  irregularity will lead to a SPAD 

say 6 hours later.  Furthermore,  the  values of the Y,’s were determined for time intervals that  

were identral to the  intenals  that  preceded  the SPAD. In this way, circumstances  (such as 

the time  table) will remain  unchanged as much as possible. The  total number of SPADs  in 

the nine  districts  considered  between the years  1991 and  1993 is 293. The  computed values 

can  be organized as in the following scheme: 

To find an answer to  the first question  stated in section 4.1, we investigate  whether  the 

values in t he  second  column (X) differ  significantly from the values  in the  thlrd  column (Y) 
The statistlcal  analysls of these  values is described in chapter 5 .  
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Chapter 5 

Summary and Conclusions 

The aim of this survey is to statistically  substantiate the following statement : 

“Irregularities cause  disturbances  in the railway process, which increase the chance of an 

accident and thus endanger railway safety.” 

This  statement is very plausible. Our goal is  to use the  data registered by KS to  statis- 

tically prove that a relationship actually exists between  irregularities on the one hand  and 

the occurrence of accidents on the  other. Almost all serious  accidents that occur every five 

years  are preceded by a s*called “Signal Passed at Dangef (SPAD).  Therefore we have  de- 

cided to focus our survey on these SPADs. Our approach was as follows.  We selected nine 

districts for further examination. The  total number of SPADs in these  districts between the 

years 1991 and 1993 is 293. For all these SPADs we have determined  the degree of distur- 

bances (ucd) preceding the SPAD. This degree of disturbances is determined on the same day, 

in the same  district and during  four  hours preceding the SPAD. The  obtained value for the 

company disruption is then compared to  a ‘normal’ value of the ucd under identical circum- 

stances,  that did not precede a SPAD. In appendix A we statistically  investigated  whether  the 

first value  differs significantly from the second. The conclusion of this  chapter is the following : 

A SPAD is  preceded by a significantly  high degree of company  disrupt ion 

(ucd). 

This conclusion can and may be reversed, giving the following important result : 

r 

A high  degree of company  disruption  ( in terms of ucd)  increases the 

probability of occurrence of a SPAD,  which in turn endangers  railway 

safetv. I 

This answers the first question of section 4.1 . The next step was to  determine which irregu- 

larities cause a high degree of company  disruption. The irregularities  considered were those 

listed in chapter 2. In order to determine which irregularities  cause  a hlgh degree of company 

disruption, we computed  the total  number of the  registrations of the different  irregularities 

per month, between the years 1991 and 1993. The  total  amount of ucd that was registered 

per month was also determined.  Having  computed  these numbers, we derived an equation 
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which describes  the  relationshlp  between the ucd on the  one  hand  and  the  Irregularities  that 

describe  thls ucd best on the  other (see chapter 5) .  The irregularities that describe the ucd 

best  appear  to be the following: 

Absent  personnel, 

Rush due to passengers. 

Work not finished in time, 

Malfunctions of rolling stock. 

In other  words,  a high  degree of company  disruption  is  mainly  caused by these  irregularities. 

It also appeared  that a decrease in the  number of absent  personnel  and  malfunctions of rolling 

stock wdl have  the  greatest effect on  the company  disruption.  Putting all results  together, 

the final conclusion of our analysis  becomes : 

Absent  personnel,  rush due  to  passengers,  maintenance  works  not fin- 

ished  in time  and  malfunctions of rolling stock  are  the  main  causes of a 

high degree of company  disruption.  This  high  degree of company disrup- 

tion  increases the chance of a SPAD, which  in turn  endangers railway 
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Chapter 6 

Discussion 

The result of the preceding  chapter  can  be  used as follows. It is  known that company dis- 

ruptions lead to costs for the NS concern.  Hence,  investments  that  decrease  the  degree of 

company  disruption will be re-earned. This  decrease will improve  the  product  that  the I\’S 

concern  delivers to  its customers,  since the  punctuality of the  trains will also improve. In 

turn,  this will encourage  more  people to  use the  train as a means of transportation. Most 

importantly,  the  investments that  are made will result  in a higher  degree of railway  safety. 

This is  where the conclusion of the  preceding  chapter is used. The decrease of the degree of 

company  disruption will decrease the  probability of occurrence of a SPAD,  and  thus  increases 

.- the railway safety. Thus  the increase of railway safety is an  extra  profit of the  investments 

made  to improve the punctuality.  All this can be  made  more precisely by means of certain 

ratios. At the  moment research  is  in progress to determine  these ratios. 

This  survey  has  been  the first mathematical/statistical analysis of the   data  registered  by 

the Ketherlands Railways. These data could  be  used to  answer  many  more  questions like the 

one raised  in this  report.  Other  questions which I had raised but could not  answer  due  to a 

lack of time  are  the following : 

1. Which accidents/irregularities occur  most  frequently  and at what  time? 

The  time  aspect of this  question  can  be  specified by the  time of the day, day of the week 

or month of the  year. 

2. Is  there  any  relationship  between the occurrence of accidents/disruptions  and  weather 

circumstances? If so, what  does  this  relationship look like? 

3. Which accidents/irregularities occur  most  regularly in  which  place? 

4. Is  there  any  relationship  between  the  occurrence of different accidents/irregularities in 

certain  districts  and a number of aspects of that  district? 

Aspects that  may be relevant are for example: 

the  number of signals  in a district. 

the  number of barriers/level  crossings in a district. 

the  number of stations i n  a district. 

the  number of movement inspectors  in a district. 

the  number of boardmg  passengers In a district. 
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Some of these  questions  can  probably  be  answered  with experience and some  common 

sense,  others  may  not. For example, it is  well known that  the  punctual~ty of the  trains is 

better in the  summer  than in the  autumn.  This is due  to falling leaves that cause  slippery 

tracks. However, we still  want to have  some  (statistical)  justification for the  statements we 

make. We also  remark that  the  derivation of the  equation for the ucd in appendix A was 

based on one  criterium.  Other  criteria  are available and  can also  be used to  derive  a, possible 

different,  equation for the ucd. We may  conclude that  the available data will enable  further 

statistical  analysis in the  future. 
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Appendix IA 

The statistical analysis 

A.l Introduction 

We are dealing with  two data vectors, X=(X1, .  . . , &3) and Y=(Yl,. . . ,Y293), of which the 

corresponding elements are paired. The Yi are defined as 

where Yij is the j t h  value of the ucd not followed by  a SPAD for case i, and ni is the  total 

number of these values for case i. The variables  corresponding to  the different cases are 

assumed  to  be  independent, as are X,, Yn, .  . . , Y,,, for i = 1,. . . , Q. We remark that  this 

independence  assumption is very reasonable. At the end of each day all trains  are  returned 

to  the right  places and we may assume that every day begins with  a ‘clean’ timetable.  Hence 

we may indeed assume that the  variables  are  independent. We also assume  that for each 

t ,  Yll,. . . , Y,,,, are identically distributed and that X i  has the  same  distribution as the Yij, 
except for a possible scaling factor. The  latter  is suggested by the fact that for this  type of 
data the coefficient of variation seems to be relatively constant. 

Our goal is to test whether  the X ,  are significantly higher than  the Yo.  Since Yi has the 

same expectation as the Y;,, this question can also be  translated in terms of the  location of 

the distribution of X and Y .  Suppose the  stochastic vectors X and Y have expectation  vectors 

EX = and 

EY = p2. 

The hypothesis we wish to  test then becomes 

H 0 : ~ 1 - ~ 2 = 0 ,  

that  is, the hypothesis of no difference in mean. 

A.2 Independence  and  identical  distribution 

Before we can  proceed with tests for difference in location, it would be helpful to know whether 

the  differences Z, = X, - Y, are  independent  and identically dstributed. From the above it  
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follows that  the 2, are Independent  indeed.  The  second  assumption, however,  does not seem 

t o  be  reasonable.  Figure 1 shows a  sequence  plot  of the  means  and  standard  deviations of the 

293 samples of Y,,’s . This plot  indicates  that  the  samples have  different  means as well as 

variances and therefore  different distributions.  Since  the  distribution of the X,’s is most likely 

to look like the  distribution of the Y,’s, we can  assume  that  the X,’s too will not have an 

identical  distributlon.  This  result  should  not  surprise us, in view of the fact  that  the  timetable 

consists of three  periods,  namely  night  hours,  off-peak  hours and rush hours. It is very likely 

that  the ucd during rush hours will have a distribution  that is different from  the  distribution 

of the ucd during off-peak hours. The  expected  ucd will be highest during  the  rush  hours. 

We conclude that  our  observations  (and  thus  the  differences)  are  not  identically  distributed, 

so that we cannot use the  nonparametric  tests  for  difference in location, such as the Wilcoxon 

slgned-rank test or the classical t-test in the case of normally  distributed differences. Since 

we can view our data  (Xl,YI),  . . . , (X293,Y293) as observations in a multisample  repeated 

measurements design, an  alternative could  be a test for difference in location  under a suitable 

multisample  repeated  measurements  model. For this, however, we would need the variances 

of the (X,,Y,) to be the  same for  all i. In the  next  section we  will explain how the problem 

of inequality of variances is handled. 

A.3 Variance  stabilizing transformation 

Our idea is t o  find a transformation f that  stabilizes  the  variance of all f (Yij)’s. We write 

U, = f(X,) and 
n. 

for i = 1,. . . ,293.  Since the TL+ are  almost  equal,  and 

we see that  the variances of the V, are also approximately  equal. Moreover, we will see below 

that  the varlances of the U, will be (approximately)  stabilized  too.  This  means  that  suitable 

multisample  repeated  measurements  techniques  can  be  applied to (U1, VI),  . . . , (U~93, V293), 

as will be  done in  section A.4. 

Ji order  to find the desired transformation f, we first must know which distribution fits our 

observations  best. In figures 3a to 7a we see the  exponential  QQ-plots of several  sets of Yi,’s, 
corresponding  to a certain i. We  see that  these  plots  show a reasonably straight line. Figures 

3b  to  7b show the  histograms  together  with  the  estimated  exponential  density  functions. 

These  histograms  are  representative of most of the  examined histograms. T h e  figures suggest 

that a transformation  that  stabilizes  the variances of exponentially  distributed  variables  may 

work.  Since the  distribution of the X, was assumed to  equal  that of Ytl except  for a scaling 

factor,  this  transformation  should  also  stabilize  the  variances of the  transformed X,’s. 
We  now describe a method to  determine a variance  stabilizing  transformation  for expo. 

nentially  distributed  random  variables  (Scheffe,  1959). 

Suppose ? - exp(A),  thus 
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We can  write 

09 = d P )  = P , 

with 4 the  identity on R We  recall that  we seek a transformation f such that  the  standard 

deviation of i = f(?) is equal, or a t  least  approximately  equal,  to a predetermined  constant 

0:. Consider the first  order  Taylor  expansion o f f  as a function of j j  ln a small  neighbourhood 

o f 7 j = p :  

f(C) = f(P) + f”? - + w >  P )  9 (A.2) 

with R(j j ,p)  -t 0, as j j  + p . This gives 

(2 - f ( / N  = f’(!42(5 - PI2 + R*@> P )  , (A.3) 

with R*(f, p )  -+ 0, as j j  + p. Since  approximately, for j j  close t o  p, 

m )  = f(P) I 

it follows from (A.3) that  

Integrating t h s  expression and switching  notation  yields 

By taking C=O and u: = 1, we finally obtain  the  transformation 

Note that the above derivation  does  not  depend  on X, so that  f can  be  applied  to  the Y,,’s as 
well as t h e  X,’s. This  transformation  immedlatelq  Imposes  the  restrlctlon of nonzero  obser- 

vatlons.  Since our observatlons  do  contain  values  that  are  zero, we replace  each  observation 
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that IS zero by the  value 0.01. This modlfication is justified,  since  a  value of 0.01 ucd during 

4 hours  has  the  same  Interpretation as a ucd value of zero, which is ‘no  disruption  at all’. As 

we can see in figure 2, the  variances of the  samples of the  transformed  observations is quite 

stable. 

Hypothesis ( A . l )  now becomes : 

A.4 The I-sample  repeated  measurements design 

In this  section we will describe a suitable model  for  our  transformed  data. We start by group- 

ing  the  pairs of observations (Ul, VI), . . . , (U293, V293), which were defined  in  the preceding 

section.  observations. The  train frequency during 24 hours  during the  week days can  be 

reflected as In figure A.1. 

I- 
0 

R 

0 

OW 5 30 7 w  1000 15 (x1 IY w 23 w 24.00 

Figure A. l :  Train frequency  during 24 hours 

There  are  three  periods,  namely  night  hours (X), off-peak hours (0) and rush-hours (R). 
We characterize each group by period  and also by district.  Since we have 9 districts  and 3 peri- 

ods, we distinguish  between 27 groups. However, the above  scheme of the  timetable is not valid 

during  the weekends. For  every  district we create an  extra  group, whlch contains all the obser- 

vations of that  district  during  the weekend. The  total  number of groups thus becomes 36. To 
analyze  these  grouped  data,  consider  the  I-sample repeated m e a s u r e m e n t s  model (Timm, 

1975). The general formulation of such a model is the following. There  are I samples.  The 

ith  sample has  N, objects,  which  are  measured at p times.  Letting 

Si3 = (S,~~,.S,,Z,. . . , siJp) N IN,(v, ,C) , j = 1 , .  . . , N,; i = 1 , .  . . ,I , 
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(the 1 in  In/, Indicates that  the vectors  are  independent),  the  pvariate  observation of the 

j t h  subject withln the zth group is represented as 

ST, = v, + E Z , ,  j = 1 ,...,. N,;  i = 1 ,..., I , 

and N = x!=, N,, where v; = (v,~, 4 2 , .  . . , v2,) is a l x p  vector of means  and E,, 1s a  vector 

of normally  distributed  random  errors.  The  model  can  be  written in the  linear model  form 

where S is an N x p data  matrix of the form 

and 8 is  the I x p parameter matrix, 

and 

M = I N @ ~ N , ,  w i t h i = 1 , 2  ,..., I ,  

is the N x I design matrix with rank(M) = r = I .  Here @ denotes  the  Kronecker  product 

and l ~ ,  is a unity  vector of length N,. The  da ta  for the  I-sample  repeated  rnesurements 

model can be arranged as in the following table : 
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In our Case  we have I = 36 and p = 2. The two  measurements  per  object  are as follows : 

measurement 1 = SPAD , 
measurement 2 = NO SPAD. 

Each sYl  is a U,, and s;jz is the  corresponding V,, for a certain io in 11,. . . ,293},  

A.4.1 Testing hypotheses in the I-sample repeated  measurements  design 

The hypotheses that we intend  to  test for the  I-sample  data a re  

Ho, : Are there differences among  measurements ? 

H02 : Are there signlficant differences  among groups ? 

The hypothesis we are  mainly  interested in is Hal. The repeated  meaurements model has  

three  assumptions with respect  to  the  observation  vectors S,]: 

1. The S,,’s are independent. 

2. The S,l’s have a common variance-covariance matrix C 

3. The S,,’s are normally  distributed. 

We have already seen that  the first two assumptrons  are  met. 

In section A.3 we concluded that  the observations themselves  are  probably  exponentially 

distributed. If  we examine the  transformed  data,  it  appears  that  these  most likely are  also 

not normally distributed. So the  third  assumption is not satisfied  However, this will cause 

no problems for our analysis,  since we are  only  interested in inferences about means. The 

reason for this IS given by Box (1953). A transformation  to achieve normality is therefore 
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not necessary. Thus we may  conclude that  the ]-sample repeated  measurements design is a 

reasonable model for the  transformed  data,  and it is the  transformed  data  that we will use 

to test  the hypotheses. 

Substituting I = 36 and p = 2, the above  described  hypotheses may be  written in terms 

of the elements of the  parameter  matrix B : 

The hypotheses may also be represented as Ho : CPA = r, where C, A and l? have the 

following form for the different  hypotheses : 

HOI : 

where  rank(C)=36  and  rank(A)=l. 

E02 : 

C=(I , j i  -l), A = I 2 ,  r=O, 

where  rank(C)=35  and  rank(A)=Z. 

Defining 

SS, = (YA - XgA)' (YA - XJA) , 
SSI = (YA - XJ,.,A)' (YA - X&A) , 
ssh = sst -ss, , 

where B is the least square  estimate in the large model R, and b,., is the  estimate  under  the 

hypothesis CPA = r, we can now use  the Genera l   Fundamen ta l   Leas t -Squa res  Theo- 

rem (Timm, 197.5). The proof of this  theorem is included in  appendix D. 

Theorem Under the multivariate Gauss-Markoff setup, E(S) = MP and Var(S) = (IN 8 
E), wnsader the g x q matriz C of mnk g 5 r such that ench element of CB LF indivrdually es- 

trmable. Let A be any p x u mat* of mnk u 5 p 5 (N-r] and Q = min Tr((SA- MPA)'(SA 

- MOA)], sub~ect to the condrtton @A = r. Then 

1. SS, = ALSL( I  - M ( M ' M ) - M ' ] S A ,  

ssh = (CBA - T) ' [C(MLM)-C ' ] - l (C f iA  - r). 
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2. SS. - W,(N - T ,  ACA') , 
s s h  - Wu(g ,AxAL , rh ) ,  where r h  = (CDA - T) ' [C(MLM)-C'] - ' (CPA -r). 
Furthermore, SS. and ssh are  independent. 

3. Under  the  null  hypothesis Ho : CDA = r 

where U h  = g ,  ce = IV - r,  u = rank(A) ,  'Tr' denotes the trace of a matru, W,(d, C, r) 
represents the Wxshart' dtstnbutron of dtmenston u wtth parameters d, C, r and U 2s 

the dtstnbutxon of a product of tndependent beta uariables w t h  parameters (u. - z + 
1)/2 and Uh/2. 

The  statistic A in the  above  theorem  can  be used t o  test  the  hypothesis HO : CDA = r. T h e  

multivariate analysls of variance  table  has  the following  form : 

In strict accordance with  the  univariate  analysis of variance, we would use the  statistic 

to  test  the hypothesis. However, Wilks  suggested  the  statistic A = 'sseI because it is 

more  suitable on account of its  tractability,  and  furthermore it is related  to  the likelihood 

ratio  statistic.  The  statistic is known as Wiks A, and  the  test has the following form : 

Reject 

rss;i 
ISShI 

m' 

H o : C D A = r  

at a significance level Q, if 

where U"(u,uh,u,) is the  a-quantile of the  distribution of U. In the  special cases that SS, 

and ssh a re  1 x 1 or 2 x 2, the  test is equivalent to  an F-test (see appendix D). The  results 

are  summarized in the following table. 

Hypothesis 
1- A - 1-A A A Reject Ho (a = 0.05) One-tailed  probability -&- 

HOI 

results in matrices of  dimension 2 X 2. Hence, both  hypotheses  can be tested  with  an  F-test. 

Hypothesis HOI results In sum of  squares  matrices of dimension 1 x 1 and hypothesis HO2 

Y E S  
YES 0.0000 0.4582 0.4703 Hoz 

0.0005 0.2945 0.7725 

'bee appendix C 
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In  the  above table we see  that  the hypotheses are rejected a t  a significance level of 5%. Re- 

jectlon of Ho2 (differences among  groups) is not  surprising,  since  the  groups were constructed 

by means of the  district  and  period in which the SPAD occurred. We can expect differ- 

ences  between  these groups,  since  the  timetable  depends on the  period  and  the  infrastructure 

depends  on  the location. The  most interesting  result, of course, is the rejection of the first 

hypothesis,  the  hypothesis for differences in measurements. So we may  conclude  the following: 

The   ucd   p reced ing  a SPAD (X) differ  significantly from t h e  ucd u n d e r  kormal’ 

circumstances (Y). 

Note  that  the hypothesis would still be rejected at a significance level of 1%. In table 3 

the differences 4, = Cil - & are  summarized, i = 1 , .  . . ,36. From  this  table we may conclude 

that a SPAD is preceded by a significant  increase of the ucd. 

-0.4711 

1 5 0.9629 

! 6 1.1437 

, 7 1.4993 
: 

i 8 -0.1778 

t 
i 

9  1.2422 

10 2.1724 

11 -0.3688 

12 2.5722 

13 -3.9907 

14 -0.2755 

15 1.8409 

16 0.4134 

17 0.5728 

18 -0.1412 

Tal 

20  1.1492 

21  1.3033 

22 0.1334 

23 0.0415 

24 1.2375 

25 -0.9072 

26 0.2470 

27  1.3780 

28 -0.1906 

29 1.4413 

30 1.9914 

31  0.7657 

32 -1.2403 

33 3.2607 

34 0.0975 

35 0.3034 

36 0.0368 

e3 

i 

A.5 Modelling the ucd 

A.5.1 Choice of the model 

In the preceding  section we have seen  that a SPAD is  preceded by a significant  increase of the 

ucd. In  this section we will try to investigate which factors influence the ucd. We start by 

determining  the  total ucd that is registered per  month in the years 1991 until 1993. Next we 

determine  the  total  number of registrations of the  nine  irregularities  mentioned in chapter 2 

(also per  month and in the  same  years). Here we take all 9 districts  together.  This  merging 

of dlstricts is Justified,  since we are now interested in the  irregularities  that lead to a high 

degree of company  dlsruption in a certain  month. We have now created variables of length 

36, one  entry for each month. We recall that  the selected  irregularities  are: 
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Absent personnel (‘abspers’) 

Communication disturbance/disagreement between personnel (‘commpers’) 

Rush due to passengers (‘rushpass’) 

Irregularities with/due  to  preparation of the  train  (‘irrprep’) 

Late  platforming  (‘lateplat’) 

Malfunctions of signals (‘signal’) 

Malfunctions of switches (‘switch’) 

0 Work not finished in time (‘workfin’) 

Malfunctions of rolling stock (‘rollstock’) 

The abbreviations that will be used  below are indicated  in  parenthesis. In order to  gain 

a first impression of any correlations, we examine  the  scatterplots of ucd and the different 

irregularities (figures 8 to 16). There seems to  be a linear relationship in the plots of abspers, 

commpers,  irrprep and delays. The plot of lateplat also shows a  somewhat linear relationship. 

The bivariate linear correlation coefficients are given in the following table: 

abspers 

commpers 

rushpass 

irrprep 

lateplat 

signal 

switch 

workfin 

rollstock 

Corr. coeff. with ucd 

0.8279 

0.6498 

0.4457 

0.7864 

0.6424 

0.1685 

0.1214 

0.3440 

0.5275 

We see that abspers,  commpers,  irrprep  and  lateplat have the largest correlatlon coeffi- 

cient wlth ucd. Since the  scatterplots  and  the values of the correlation coefficients in- 

dicate a linear relationship between some irregularities and  the ucd, the ltnenr regression 

model is a good choice t o  model the ucd. For convenience we introduce  a  shorter  nota- 

tion for the  variables. We will denote the total ucd by Y1, ... , Y 3 6  and  the irregularities by 

~ 1 . 1 , .  . . , X1.3.5,. . . , x g ~ ,  . . . , x g , 3 6 .  Note that Y ,  in this section is not the  same as Yi in section 

A.l .  The multiple linear regression model for our 36 observations  and 9 independent variables 

then has the following form : 

IEe,e, e: 
u2, i f z = j  

0, i f i # J ,  
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for i , j  = 1,. . . ,36. Here Y, is the  i th  observation; z,,~ is the  correspondmg known  value of 

the j t h  independent  variable; Do, Dl, .  . . , D g  are  unknown  constants  and e, is the  stochastlc 

error  in  the  ith observation. The  matrix X with  first  column  equal  to (1, ... and  j th  

column  equal t o  ( x J , i , .  . . ,xJ,36)' is assumed to be of full rank,  rank(X)=lO. 

A.5.2 Selection of the explanatory variables 

In this section we determine which  variables  should be  included in the model. If we examine 

the  scatterplots (figures 8 to 16) and  the correlation  coefficients, we see that ucd has  the 

strongest  linear  relationship with t h e  variable abspers. So this variable will be  the  first  to be 

included in the model. Kext we examine  the  models  with  two  variables,  with  the first  variable 

taken to be abspers. The results are summarized  in  the following  table: 

2"d variable 

1. commpers 

2. rushpass  

3. i r r p r e p  

4. l a tep la t  

5. rollstock 

6. signal  

7. workfin 

8. switch 

RZ - 
0.618 

0.642 

0.673 

0.649 

0.635 

0.617 

0.700 

0.661 - 

RSS U 
T 
I 
f 

I 
I - 

B(abspers,. . . , in te rcept )  

(14.81, -6.50, 1728.79) 

(12.46,  5.14,  1864.67) 

(8.51, 8.16,  2271.62) 
(12.25,  11.06,  1662.65) 

(13.26,  0.96,  1216.24 

(13.90,  1.40,  1718.26) 

(13.44,  27.52,  1453.12) 

(14.24.  12.33.  1225.93) 

4 8 )  - 
(2.82,  1580,385.08) 

(2.09,  3.35,359.75) 

(2.88,  3.41,  397.31) 

(2.08,  6.27,  357.43) 

(1.94,  0.73,559.50) 

(1.94,  6.65,  461.48) 

(1.70,  9.07,  342.16) : 
(1.81, 5.90,  434.61) 

Model 7 which also includes the  variable workfin gives the  best results. This model  has  the 

highest coefficient of determination, the lowest value of RSS and  the lowest estimate of cr. In 
order  to  determine  whether we should include more  variables, we apply the partial F-test. 

This  test is used  to  test  the  hypothesis 

Ho : Bp+l = . . . = 0, = 0; B o ,  P I , .  . . , PP arbitrary, 

H1 : BJ # 0, for some j ,  p + 1 5 j 5 q; PO, 01,. . . ,Dp arbitrary. 

The test  statistic is 

35 



% z d  APPENDIX  A. THE STATISTICAL  ANALYSIS 

If the null hypothesis is true, FPXq has  an  F-distribution  with ( q  - p )  and (n - q - 1) de- 

grees of freedom,  provided the errors are  independent  and  normally  distributed (see section 

A.5.5). The null hypothesis is rejected at a  significance level a if FPvq 2 F(q-p),(n-q-l);~-e.  

Application of the  test  with p = 2, q = 9 and n = 36 yields the following : 

RSS, = 5382646.595 

RSS, = 2595590.952 

Fp.' = 
26 x 2787055.70 

7 x 2595590.952 
= 3.988 > 2.388 = F7.2~0 g j  

Hence  the null hypothesis is rejected at  a significance level CL = 0.05, and therefore we should 

include more variables in the regression model. The models  with  three variables, with abspers 

and workfin already  included, are  summarized in the following table : 

3rd m r i a b l e  1 R' 1 RSS 
1. commpers  1 0.700 1 5382299.3 

2. rushpass 0.728 4878910.1 

3. irrprep 0.739 4674724.5 

4. Iateplat 0.724 4944845.6 

5. rollstock 0.759 4324169.4 

6. signal 0.701 5361120.3 

(2.57, 9.30, 14.36, 359.37) 

(1.86, 8.77,  2.97,  334.24) 

(2.62, 8.67, 3.12,  382.70) 

(1.87, 8.86, 5.67, 336.67) 

(1.64, 8.71, 0.64, 512.64) 

(1.75, 9.20, 5.96, 430.49) 

- 
- 
410.12 

390.47 

382.21 

393.10 

367.60 

409.31 

394.62 

Is 

- 

D(abspers, workfin,. . . , intercept) 

(13.53, 27.46, -0.65J448.95) 

(11.86, 27.94,  5.39, 1539.93) 

(8.90, 24.77,  6.87, 1902.13) 

(11.99, 26.17,  9.55, 1370.11) 

(12.00,  35.34, 1.78, 313.47) 

(13.35,  27.65, 2.14, 1361.68) 

(13.71, 24.16, 8.92, 1093.64) 

Model 5, which includes  the variable  rollstock, gives the best  results.  This model has  the 

highest coefficient  of determination  and the  lowest values for c and RSS. So the  variable 

rollstock  is also added  to our model. Application of the  partial  F-test with p = 3, q = 
9 and n = 36 gives the followmg: 

RSS, = 4324169.144 

RSS, = 2595590.952 

F P 4  = 26 x 1728578.50 

6 x 2595590.95 
= 2.886 > 2.474 = F6,26,0 95 

Thus  the null hypothesis is again  rejected at a significance level a = 0.05, and therefore we 

should  include more variables  in the regression  model. We examine  the models with four 
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variables : 

. .  11 

1 4  

I f  

I 11 
I ?  

i l  

i 2. rushpass  0.832 

0.925 

1 i: &!zzt 0.768 

1 5. signal 
0.762 I 6. switch 

0.761 

T RSS I cr &abspers, workfin,   rollstock,.  . . , intercept)  

4323911.2 

(11.23,  33.64,  1.59, 6.05, 383.35)  4160295.7 i 366.34 

(5.64,  33.52, 2.20, 9.11, 642.17) 3138468.2 1318.18 

(8.65, 39.38, 2.54, 9.33, -18.24) 311.33 3004775.7 

' (12.06, 35.29, 1.78,  -0.49, 310.44) 373.47 

4292823.3 1 372.13 
(11.88,  3g.54,  1.79, 2.58,  197.31) 

4274349.7 I 371.32 , (12.25,  33.25,  1.61,  3.46, 287.28) 

I 4 D )  i 
l(2.40, 8.93, 0.65,  13.08, 527.19) 1 

Model 2 gives the  best improvements.  Application of the  partial  F-test  with p = 4, q = 
9 and n = 36 gives the following results : 

FSS, = 3004775.599 

RSS, = 2595590.952 

FP.9 = 26 x 409184.70 

5 x 2595590.95 
= 0.820 < 2.587 = F~,26;0.9~ 

This  time  the null  hypothesis is not rejected at a significance level a = 0.05, so there is 
no reason to include  more  variables in our model. The  regression  model now contains  the 

variables abspers, workfin, rollstock and rushpass. 

A.5.3 Collinearity 

Examining the  estimates of the regression coefficients and  the  standard deviations of their 

estimators, we see that only the  estimator of the  intercept has a somewhat  disturbing  stan- 

dard  error. A possible  explanation  for  this is the  presence of collinearity. To investigate  this 

aspect, we first  examine the  bivariate  correlation coefficients for all possible  combinations of 

the  independent  variables : 

rushpass and rollstock 

rushpass and  abspers 

workfin and rollstock 

workfin and  abspers 

-0.1507 

0.4658 

-0.2794 

0.1002 

0.2738 

The correlation coefficient of rushpass  and  abspers  looks a little  disturbing,  but  examination 

of the  scatterplots (figures 17 to 22) demonstrates  that  this  correlation is probably  nothing 
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to worry about  The variance  inflation  factors  are given in the  following table 

1-1 
rushpass 

I absDers I 1.602 i 

These values give no indication of the  presence of any  collinearity. Finally, we examine  the 

variance  decompositlon : 

[Eigenvalue 
1 1. 4.558 

2. 0.261 

3 0.153 

4. 0021 

5 .  G GO8 

I Cond.Ind. 

1.000 

4.179 

5 462 

14.852 

24.190 

0.0014 i 0.6599 
0.1265 0.5887 

0.0068 0.0830 

0.1271 1 ll:~l;~ 0.2062 

0.8640 0.1142 

Abspers  

0.0013 

0.0000 

0.0089 

0.9290 

0.0609 

Rolls tock 

0.0007 j 

0.0206 ! 
00513 I 
0.9254 

0.0021 1 

The intercept and rollstock are  collinear  according  to  the fifth row. This explains the some- 

what  disturbing  standard  error of the  estimate of the intercept. If we do not include  an 

intercept in the regression  model, we obtain  the following results : 

R2 = 0.8325 

6 = 306.44 

RSS = 3004934.43 

Variable 4 I a@) 1 95% confidence interval for 

1. abspers 8.65 1 1.62 [ 15.35 ; 11.951 
2. rushpass ' 9.32 

11.82 ; 3.22) 0.34 4. rol1st.ock 2.52 
125.88 ; 52.591 6.56 3. workfin 39.24 
14.34 ; 14.28) 2.44 

The  table shows that  there is hardly  any  change in the results. The  coefficient of determina- 

tion, a, RSS, the  estimates  and  the  standard  errors of the  estimates  remain practically the 

same. So it makes no difference whether we include  the  intercept or not. Since  inclusion of 

the intercept  results in an  estimate  with a somewhat  disturbing  standard  error, it is therefore 

better not to add the Intercept in our model. In the  following sections we  will proceed with 

the model  wlthout  the  Intercept,  given  in the  above  table. 

A.5.4 Outliers and influence points 

In  this section we investigate  which  observations  have an  extreme value. The first step  is  to 

examine a  number of plots. 

1 Plot of response (ucd) with the  independent variables  (figures 8, 10, 13 and 15). 
T h e  plot of rushpass shows that  observations 19 and 20 are  susplclous.  The  plot of 
abspers  suggests that observations 33,  34 and 35 are  extreme. In  the plot of rollstock 

we notice  observation 2. 
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1 3  

1 . 1  

I J  

1 1  

2. Plot of the residuals with the  independent  variables  (figures 23 to 26). 

Again the plot of rushpass  shows  that  observations 19 and 20 are conspicuous, and in 

the rollstock  plot we agam  notice observation 2. 

3. Plot of the residuals with  the  predicted  value (figure 27). 

Observations 3,   5 ,  19, 21, 22 and 23 look suspicious. 

4. QQ-plot of the  residuals  (figure 35) .  

This  plot shows no remarkable points. 

5.  Plot of the predicted  value with  the  independent  variables (figures 28 to 31). 

These  plots give the  same  results as in 1. 

In  order  to  determine which of the suspicious  observations are outliers, we use the test for 

outliers. The  i th observation  is  called an outlier, if for some 6 > 0 

Yj = 
zjp + ej, for j # i, 

zib+ 6 + ei, for j = i. 

This  model is called the mean shift outber model. By testing the hypothesis X : 6 = 0 we 

can test if the   i th  observation is an outlier.  Next,  define an n-vector u, with uj = 0 for j # i 
and ui = 1. We then fit a linear  regression  model of the form 

Y = X p t u 6 + e t  

and we test  the hypotheses 

Ho : 6 = 0 , p  arbitrary, 

H1 : 6 # 0 , p  arbltrary 

with  the following test : 

Reject HO at a significance level a if 

l&ll = Jp 1 4  L t [n-p) , l -$  

C67J(4,4p+l,p+l 

where c%((p, 8 ) )  = +:(X!X.)-' with X. an n x (p + 1) matrix (X,u), and 

- 2  - RSS. (Y - xg - ui)'(Y - xp - ui) 
( n - p - 1 )  ( n - P - 1 )  

g. - - - 

With a = 0.05 and tn-p,l-; = t ~ 2 ; o . g ~ ~  = 2.037 we find the following results : 
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1 Observation t-test statistic I Reject Ho 
2  0.175 I no 

I 
I 

3  2.361 j yes 

I no 
i 19 1.354 ! no 
1 20 2.053 , yes 

21 0.100 no 

22 1.425 no 

23 0.297 I no 

I 33 1.747 1 no 

35 0.090 no 

1 5 0.226 
I 

! 

34 2.147 ! yes 
I 

We see that observation 3, 20 and 34 are outliers.  To  detect influence  points, we examine 

the Cook's drsfances. The  highest  values  are  found with observations 19, 20 and 33, which 

are 0.2494, 0.3814 and 0.2170 respectively. However, these  values  do not indicate tha t   t he  

observations  are  influence  points.  Leverage  points  can be  detected by means of the  potenttals. 

Observations 2 and 19  have the  highest  values, of 0.2765 and 0.3583 respectively. Again, these 

values do not suggest  the presence of any Leverage  points. 

So the only points  that are suspicious  are  the observations 3, 20 and 34. To see how  these 

points influence the regression, we fit the  model  without  these  three observations. The  results 

are as follows: 

11' = 0.8789 

RSS = 1935896.33 

c = 2 x 3 7  

' Variable B u(B) 95 % confidence  interval  for 1 
, abspers 8.66 1.40 15.79 ; 11.531 

rushpass 10.25 2.35 i5.44 : 15.061 I 

workfin 35.58 5.98 123.35 ; 47.82) 
Lrollstock 2.57 0.29 11.97 ; 3.171 

The results are  slightly better,  but not much.  Since there is also no indication that   the  

observations 3, 20 and 34 are  measurement  errors,  there is no reason to omit these  points 

from the analysis. 

A.5.5 Examination of the residuals 

The regression model  makes  two assumptions  about  the me-urement  errors,  namely  inde- 

pendence  and  normally  distributed  with  mean  zero  and  common  variance 2 .  In this  sect~on 

we will use the  residuals  to check for violation of these  assumptions. 

To test for first order  autocorrelatlons, we can use the Durbtn Watson  test. The  test  

statistic is defined as 
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The  hypotheses  are 

Ho : p = o ,  

HI : p # O ,  

where p is the first order  population  autocorrelation coefficient. The  test becomes : 

if d < dr. then Ho is rejected : positive  autocorrelation, 

if d > 4 - dL then Ha is rejected : negative  autocorrelation, 

if d u  < d < 4 - d u  then Ho is not rejected, 

if dL < d < d u  or 4 - d u  < d < 4 - d L ,  then there is no conclusion. 

The  appropriate values of dL and d u  can be found in tables  (Greene, 1990). We  find 

d = 1.3867, dL = 1.236 and d u  = 1.724. Unfortunately,  the  Durbin-Watson  test gives us 
no conclusion. However, the  partial  autocorrelogram of the residuals  (figure 33) indicates 

that  there  are no serious  autocorrelations. 

To gain a first impression of the  distribution of the residuals, we observe the QQ-plot and 

histogram  (figures 34 and 35). These  plots  do  not  question  the  normality  assumption.  The 

next step is to perform  formal  tests for normality,  such as the Shupiru- Wilks and Kolmogorov- 

Smirnov-Liliefors test. However, we know that  the  residuals are neither  independent  nor 

identically distributed, since 

e = Y - P  
= ( I - V ) Y  

= ( I  - T')(XB + E )  

= x p - v x B i ( I - V ) E  

= (I - V)E , 

with V = X ( X ' X ) - ' X ' ,  and  thus 

Var(e) = O'(I - V ) ( I  - v)' 
= 02(I - V), since V is  symmetric  and  idempotent. 

So the variance of  e, depends on uz and u,,. In order  to use the above-mentioned  tests, we 

look at  the transformed  residuals (Cook and  Weisberg, 1982). 

Let C be  an n x (n - p' )  matrix v = number of Independent  variables).  Let E be  defined 

2 = CtY . 

The vector i is called a vector of linear unbiased scalar  residuals if 

E(?) = 0 (unbiasedness condition), 

Var(Z) = c21 (scalar  covariance  matrix  condltion) 
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For these  conditions to hold it is sufficient that 

C'X = 0 

C'C = I 

(A.5) 

(A.6) 

A common method of choosing C requires  that p' cses   a re  nominated  to have zero  residuals. 

The choice of these  cases may be arbnrary, so that  the  definition of the  uncorrelated  residuals 

is not unique. Suppose we partition 

e'=  (e: e:), X'  = (Xi X i )  and C' = (Cf C:) , 

such that the subscript I corresponds to the p' c a e s  nominated  to have zero residuals,  and 

subscript 2 corresponds to  the  remaining n-p' cases. We assume X1 to be nonsingular. From 
B 4 (appendix B) and A.6 it follows that  C2 must satisfy 

I = c:[I - xz(x 'x ) -1X;J-1c2  . 

C2 is solved by means of the singular value decomposttion. Write 

A = I - Xz(X'X)- 'X;  . 

Then, since A is symmetric 

A = UDV' 

= UDU', 

where U and V are  unitary  matrices  and D is a diagonal matrix with  diagonal  elements equal 

to the  nonnegative  singular values of A. Thus 

A-1 = (ut)-lD-'u-' . 

If we define 

C2 = UDI , 
I 

we have 

e? c;x* + c;x2 = 0 

e? c; = -cjx,x;' 
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The  tests for normality can then  be applied to the  transformed  residuals. The results are 

summarized in  the following table : 

i Stat is t ic   Signif icance 

~ Shap i ro   Wi lks  j 0.9895  0.9877 

[ Kolm.Sm. (Liliefors) i 0.0679 > 0.2000 

In both cases the null  hypothesis of normality  is  not  rejected at a significance level o = 0.05. 

In figures 36 and 37 we see the  histogram  and  QQ-plot of the  transformed residuals.  These 

plots  strongly  suggest a normal distribution. 

So we may conclude  that i has a multivariate  normal  distributlon.  Therefore,  the  original 

residuals  are  normally  distributed  too,  since  each  linear  combination of the C;'s corresponds 

to a linear  combination of the e,'s. Indeed, we have 

z = C'Y 

= C'XD+Cf& 

= Ct&. 

Let a E lRn-P' be a real valued vector,  and  write C = ( q ) .   T h e n  

Finally, we examine some plots of the original  residuals in order  to check for  violation 

of the  assumption of constant  variance of the  errors,  and  whether  higher  order  terms of the 

present variables should be included in the model. 

1. Plots of the  residuals  with  the  independent  variables  (figures 23 to 26). 

These  plots do  not show any  systematic  relationship in the  dispersion of the  points 

2. Plots of the  residuals  with  the  variables  not  included in the model  (figures 38 to 42). 

These  plots do  not reveal any  relationships. 

3. Plot of the  residuals with the  response (figure 43). 

Thls plot  shows no increase or decrease of the dispersion of the  points. 

The plots  do  not  suggest that  extra variables or  higher  order  terms of the  present  variables 

should be included in  the model. Nor is there  any  indicatlon  that  the  assumption of equal 

variance of the  errors is violated. 

i i  

1 1  

! 
I 
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A.5.6 Goodness of fit of the  model 

The regression  model  derived  in the  preceding  sections  can  be  evaluated by means of a number 

of criteria. The  first criterion is the coefficient of determination which gives us an overall 

impression of the performance of the  model.  For our regression  model we find the value 0.8325, 

which is sufficiently close to 1. Furthermore,  the  estimated  standard  errors of the  estimators 

of the regression coefficients and  the least  squares  estimate of uz are  not  disturbingly large. 

As we would expect,  the regression coefficients have positive slgns. This  means  that if the 

number of registrations of the  different  irregularities  increases,  then so does the ucd. 

Another  important  aspect is that  the model  assumptions  are  met. In the preceding  section 

we have seen that i t  is  reasonable to assume  that  the  errors  are 

1. independent  and 

2. normally  distributed with common variance. 

A  final  impression of the  goodness  of fit of the  model is given by figure 44. Here, the 

observed value of the response is  plotted  against  the  predicted value of the  response. The 

plot  shows a clear  linear  relationship.  Considering all these  criteria, we may conclude that  

the regression model  without  intercept given  in  section A.5.3 provides a very good  description 

of the  data. 

A.5.7 The effect of the  independent  variables 

In this  section we will determine  which  independent  variables in the regression model  have 

the  greatest effect on the ucd. We have  the following model : 

~~ 

E(ucd)  = 8.65 X abspers + 9.32 X rushpass + 2.52 x rollstock + 39.24 x workfin , 

where  all  variables are  totals  per  month. We write  the  equation s 

Y = hzl + DZZ2 -I- &3 i- p424 I 

where y is the  expected ucd per  month  and 5% = (z,,~, . . . ,z,,36)* is the  ith  explanatory 
variable,  with 

2 1  = abspers 

zz = rushpass 

z 3  = rollstock 

x4 = workfin. 

Suppose  that  variable x1 is reduced by 6 percent.  Then  the  expected  total ucd in month i 
becomes 

= Yp'd - BlZl,  - 6 

100 
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Hence, the  total  expected ucd In month i decreases by S1zIr&. In percentage  terms  the 

decrease is 

where 

Thus  the effect of a  decrease of the variable zi on yo'd, is proportional to the  contribution of 

q to yoid. This conclusion is valid for all  four  independent  variables  in  the  equation. So for a 

given decreve of 6 percent of zl, 2 2 ,  z3 or z4, we can  compute  the  decrease of the expected 

ucd in percentage terms by means of the  fractions f i ,  f2,  f3 and f4.  With our  data we find 

the following fractions : 

= 0.37 

fz = 0.08 

f3 = 0.42 

f4  = 0.14 

So a decrease of 2 1  and 2 3 ,  corresponding to absent personnel and  malfunctions of rolling 

stock, will have the  greatest eEect  on the  ucd. 

A.5.8 Again: The reliability of the data 

In chapter 3 we have seen that  the registrations made by NS in general  lead  to lower values of 

the  number of delays than those  observed by ROVER. In  this section we  show that  an overall 

relative  increase of our response data  does  not affect our  results.  Suppose  the  response values 

are 

yn,, = CIY I 

where CI > 1 and Y represents  the values computed  from  the  registrations.  The  hypotheses 

tested in  section A.4.1 could a l l  be  written in the  form X : C4A = r, where r = 0 in ali 

three cases. So we have 

So a multiplication of the Y matrix  with a scalar will have  no effect on Wilks A- criterion 

for  the  hypotheses  tested in section A.4.1, and  therefore our conclusion will remain the  same. 

In particular,  the conclusion of slgnlficant  differences in treatments is still valid. Obviously, 

multiplicatlon of the Y vector and X matrix in the regression  model  from  section A.5.1 with 

a scalar 0 (> 1) will also have no effect on the results. 

45 



= z z e d  APPENDIX A. THE STATISTICAL  ANALYSIS 

46 



j l  
I 

Appendix B 

Some results from matrix algebra 

In this  appendix we will give some  results' of matrix  algebra  that will be mainly  used t o  prove 

the general fundamental  least-squares  theorem in appendix D . In the following 'tr'  denotes 

the tmce of a matrix. 

THEOREM B.l Let  A = p x 9, B = 9 x 7 and C = T x p be matrices,  then 

tr(ABC) = tr(CAB) = tr(BCA). 

THEOREM B.2 Let  A  be a symmetric  matrix,  then 

A is idempotent * all eigenvalues of A equal 0 or 1. 

THEOREM B.3 Let X be a real  valued p x q matrix  and G a generalized  inverse of X'X, 

then 

i G' is also a generalized  inverse of X'X. 

ii X G X ' X  = X  and X ' X G X '  = X'. 

iii XGX' is invariant if G is chosen to  be different  generalized  inverses of X'X 

iv XGX' is symmetric  (whether G is  or  not). 

THEOREM B.4 (Lipdattng formula2) Let A be a p x p rank p symmetric  matrix,  and 

suppose  that a and b are 9 x p rank q matrices. Then 

( A  + a'b)-' = A-' - A-'a'(Iq + bA-'a')-'bA-' , 

provided  that  the inverses  exist. This  formula  shows how to  modify  the inverse of the  corrected 

cross  product  matrix X ' X  when one or  more  rows of a matrix are deleted or added.  The 

most  important  special case is that of deleting  a  single row z: from X. Setting  A = X'X, 
a = -zt, b = z: and  representing X ( i )  as the  matrix X with  the  ith row deleted, we have 

(X&Y(*))-' = (X'X - z , z y  = (X'X)-' + (x'X)-'z,z:(X'X)-' 
1 - z : (X 'X) - ' z ,  

'See Oosrerhol, 1993 

'See Cook and Wasberg, 1982 
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so that y = f(X), then  the partial den'vattve of a functzon f wlfh respect to the matriz X is 

defined by the n x m matrix 

This defimtion is applied as follows. If X is an n x R matrix and A is a matrix of constants, 
then 

1. &[%(X)) = &In(x')I = In, 

2. &[Tr(AX)] = &[Tk(XA)] = A', 

3. ax -%[Tk(AX)] = ,-&[Tr(XA)] = A ,  

4. &(Tr(X'AX)] = ( A  + A')X ,  

5. &[n(X'AX)] = X'(A' + A ) .  

6. If A is symmetric,  then 

a -[n(x'Ax)] = ZAX ax 
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Appendix C 

The Nm 1 r and  Wishart  distribution 

In this appendix we will formally define the mat& normal and W~shart distribution, and give 

some  properties of these  distributions  (Arnold, 1981). 

Let 2 = ( z , ~ )  be an n x p  stochastic  matrix, where the zt, are  independent  and  distributed 
as 

&J - N(0 , l )  . 

The moment generating  function Mz of 2 thus equals the  product of the moment  generating 
functions of the z , ~  : 

~ ~ ( t )  = n,n,ei*v = edX;X, * e )  = eitr(t*t) 
I 2  1 

where t = ( L J )  is an n X p matrix.  Let A, B and /I be  matrices of dimensions m x n, p x 7 

and m x T respectively. 
Define 

Y = A Z B + p .  

Next we will use the  property 

If Y = A X B  + C, then 

My(t) = e tr(C*t)Mx(A'tB') I 
I 

and find together with theorem B.l (appendix B) 

~ ~ ( t )  = e(tr(r't)+ftr(t'AA'tB*B)) 

Let E = AA' and C = B'B, then 

My (t) = e (tr(dt)+;tr(t%:tE)) (C.1) 



v Roi/ned 
APPENDIX C. THE NM,R AND WISHART DISTRIBUTION 

Note that 5 and C are  nonnegative definite matrices. 

Definition : Let p be an m x r matrix, E and C be m x m and r x r nonnegative definite 

matrices. We say  that Y has a rnatrrz normal drstnbutron with parameters 

p, 5 and C if Y is an m x r random matrix having moment generating 

function given  by B.1. We write 

y - Nrn,+, E, C) . 

The means, variances and covariances of Y are given  by the following theorem : 

THEOREM C.l If Y - N,,,,7(p,E, E), then 

1. E(y,) = pi3 1 

2. Var(Y,) = S,iCj2 , 

3. COV(K3, Xy) = E:l*!C,jt . 

For a proof of this theorem the  reader is referred to Arnold (1981). We now define the  Wishart 

distribution. This distribution can be thought of as a generalized x*-distribution. Let 

X =  ( x' ) - Nn,&, 5 
X, 

(i.e., the X, are independent , X: - N,(p:,  E)). 
Let 

n 

w = x*x = cx:xi . 
*=1 

Then  W is said to have a WIshart distn'butron. Note that W  is  a p x p nonnegative definite 

matrix  and . It can be shown that  the  distribution of W depends on p only through p'p. 

We say  that  the  distribution of W is a p-dimensional  Wishart  drstnbutton  unth n degrees of 

freedom, on the covanance matnz C, and with noncentmlrty matnz 6 = p'p. We write 

W - W,(n, C, 6 )  . 

Note that 6 2 0. If 6 = 0, we say that W  has  a centml Wishart drstn'bution, and  write 

W - W,(n, C) . 

If 6 # 0, we say that W has a noncentml  Wishart  distribution. Some properties of the  Wishart 

distribution  that follow directly from the definition are given by the following theorem : 

THEOREM C.2 Let W - Wp(n,C,6), then 

1. JEW = n C + 6 .  

2. If p = 1, C = uz > 0, then W - u2x~(6/uz).  
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3. If a 2 0 is a scalar,  then a W  - Wp(n, QC, a6). 

Finally, we give the following result for the  central  Wishart  distribution : 

THEOREM C.3 If W - W,(n,X), C > 0, then  the  moment  generati 
is given by 

,ng  function of 

.M\v(T) = 11 - 2x27-5, for all symmetric T such that E-' - 2T > 0. 

W 

I 
! 
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Appendix D 

The  Fundamental  Least-Squares 

Theorem 

I f  

I f  

In this section we will pro\ re (part of) the gc .. - meral fundamental  least-squares  theorem men- 
tioned in section A.4.1 (appendix A). First, we formulate  and prove the following theorem : 

THEOREM D.l : Let Y,  N ZNp(pLI, E), for i = 1,. . . ,T I ,  and  let A be a symmetrix 

matrix of rank r ,  then 

Y‘AY - W p ( ~ ,  C, r), with r = IEY‘A EY if and only if A = A* . 

PROOF 
” e ” Since A IS symmetric.  there  exists an orthogonal  matrix P, such that 

P‘AP = Y = 

0 

x, 
0 

0 
0 .  

where Y is a diagonal matrix  with  diagonal  elements  equal  to  the eigenvalues of A. 

Since A is idempotent, we have  (see theorem B.2) 

x1 = ... = x ,  = 1 , 

and  thus 

We can write 

A =  PIP:, 

! ’  

; I  
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where PI is an R X r matrix of rank r ,  created from P by deleting  the  last R - r columns. 

Define 

x = P'Y . 

Then 

Y'AY - Wp(r, C,T) 

The noncentrality  parameter is given by 

r = IEX~,+EX(,) 

= ptP:Plp 

= p f A p  

= IEY'A IEY . 

" *" 
Assume for slmpiicity that p = 0 (Le. 'C = 0). Let P, Y and X be defined as above. Then 

Y'AY = XfPLAF'X = XLYX 

= x1x:x1 t x2x:xz + . . . +- x,x:x, 

Since the X, are  independent  and 

x,x:x* - w,(l,x,E) , 
the  moment  generating function of Y'AY is given by 

{lz - zx,cr/./I - zx2cq.. . IZ - zx,crl)-i . (D.1) 

We also know that Y'AY - Wp(r ,Z ) ,  so its  moment  generating  function  is  also given by 

IZ - zcr1-5 . (D.2) 

Comparison of D.l and D.2 yields 
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So Y = P'AP is a diagonal matrix with  diagonal  elements  equal to 0 or 1, and is therefore 

idempotent. I t  follows that 

P'AP = P'APP'AP = P ' A ~ P  . 

hence 

A = A ~ ,  

which means that A is idempotent. If p # 0, then X,X:X, (z = 1,. . . , T) and YtAY have a 

noncentrai  Wishart  distribution.  This will only result  in an  extra  term in D.1 and D.2 and 

the  conclus~on  that A = A* will still  hold. 

We now proceed with  the proof of the general  fundamental  least-squares  theorem: 

PROOF 

1. By theorem B.1 we have 

Q = min Tr[(YA - X P A ) * ( Y A  - X B A ) ]  

= min R[(Y - XD)'(Y - XD)@ . 
< , + 

20 3 

So we might as well look at 

Q' = min n[(Y - Xp)'(Y - XD)] , 

under CDA = l?. Define 

ss: = (Y - X@(Y - xa, , 
ss: = (Y - XLL)'(Y - X j w )  , 

ss;, = ss: - ss: , 

where f l  is the  least  square  estimate  in  the  large  model R (section A.4) and jW is the 

estimate  under  the  hypothesis CDA = r. We proceed with a  matrix 8 of Lagrange 

multipllers, so that we have to  minimize the  function 

F' = Tr[(Y - XD)'(Y - Xp)] + 2Tr[ef (CDA - r)] . 

Writing 

F' = Tr(Y'Y) - Tr(Y'XD) - Tr(4'X'Y) + Tt(D'X'XB) + 2Tr(@'CBA) - Tk(0'r) , 

the  partial  derivatives of F' wlth  respect  to 0 and 0 are 

! I  
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aF' - = -2X'Y - +2X'Xfl  + 2C'eA' , 
a0 
8F' _ -  
ao 

- 2CpA-2r  

Equating to zero yields 

ss: = (Y - X l L )  ' ( Y - X&) 
= (Y - X j  + X(X'X)-C'BA' ) ' (Y  - X p  -+ X(X'X)-C'BA' )  

= SS: + A(A'A)- ' (CbA - T ) * ( C ( X ' X ) - C ' ) - l ( C j A  - r)(AtA)-'A' , 

or 
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ss: = (Y - X B )  'Y-Xj) ( 

= Y'Y - Y l X B  - pLXtY + pxtxp 
= Y'Yj'XtY + ( X ' X B  - X'Y)tB 
= Y'(1-  X(XtX)-Xt)Y . 

Finally we obtain 

SS, = (YA - XBA),(YA - XbA)  

= A'SS:A 

= A'Y'(1-  X(X'X)-X')YA , 

and  since 

we have 

SSh = SSt - S S ,  = A'(SS: - SS:)A = A'SSLA 

= (CbA -r)'(C(X'X)-C')-'(CBA - I') 

2. We write ssh a5 

ssh = R'[X[(X'X)-]'C'[C(X'X)-C']-'C(X'X)-X'] R , 
J + 

Z 

with R = YA - XC'(CC')-'r , since  for some  matrix M, C = M X  and X = 
X(X'X)-(X'X) (see theorem B.3). Then 

(a) Z is symmetric  and  idempotent  and of rank g. 

(b) R - ~ N + ( X P A  - XC'(CC')-'r,iN 8 (ACA') )  

By  invoking  theorem D.l we now  can  establish that 

ssh = R'ZR - wu(g, ACA',rh) , 



with g r k  = X B A  - XC'(CC')-'r. And  since 

SS, = A'Y'(I  - X ( X ' X ) - X ' ) Y A  , 

with 

Y A  - N N , ~ ( X ~ ' A , I N  8 (ACA' ) )  , 

we also establish  that 

ss. - W J N  - r, c, re) , 

since the  matrix I - X ( X ' X ) - X '  is symmetric,  idempotent  and of rank N - r ( r  = 
rank(X)).  Further 

l?. = lE(YA)' [ I  - X(X 'X) -X ' ]   IE (YA)  

= A'@'X'[I - X ( X ' X ) - X ' ] X O A  

= 0 ,  

so SS, has a central  Wishart  distribution. To prove independence of SS, and S S h ,  we 

write (see theorem B.3) 

SS, = A'Y'[I - X ( X ' X ) - X ' J Y A  

= [ Y A  - XC'(CC')-ll?]'[I - X ( X ' X ) - X ' ] [ Y A  - XC'(CC')-'I'] 

R'[I - X ( X ' X ) - X ' ] R  , 

and 

ssh = SSt -ss, 
= (CBA - r ) ' (C(X 'X)-C ' ) - ' (CBA - l?) 
= ( C ( X ' X ) - X ' Y A  - r)'[C(X'X)-C'J-'(C(X'X)-X'YA - r) 
= R'X[(X'X)-]'C'[C(X'X)-C']-'C(X'X)-X'R, 

since C = M X ,  for some  matrix M, and 

[c(x'x)-x'](xc'(cc~)-~] = r, . 

Thus  the  quadratic forms SS, and ssh both have the  same  form  and 

II - X ( X ' X ) - x ' ]  (x((X'x)-J'c'[c(x'X)-c']-'c(X'x)-X'J = 0. 

The matrices of the  quadratic  forms  are  both  symmetric  and  idempotent  and  thelr 

product  equals zero, so we therefore  may  conclude  that SS, and SSh  are  Independent 

(Timm, 1975, pp.138). 
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3. The  distribution of A is the  distribution of a product of 2~ independent  beta  variables, 

with parameters (v ,  - i + 1) /2  and V h / 2 .  For a detailed  proof,  the  reader is referred  to 

Anderson (1958, Chap.8). 

U 

In the special  cases that u = 1 and u = 2 we have 

Anderson (1958) gives a proof of this result. 
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SYNOPSES: 

SPOORNET  IS A HUGE ORGANISATION WITH RAILWAY LINES  REACHING 

INTO ALL CORNERS OF SOUTH AFRICA AND EMPLOYING 50 000 PEOPLE. 

ESTIMATES HAVE INDICATED THAT SPOORNET HAS A SUBSTANTIAL COST 

O F  RISK. THE  TRUE EXTENT IS HOWEVER NOT KNOWN DUE  TO  THE 

INADEQUACY OF RISK RELATED INFORMATION. 

SPOORNET  THEREFOR  DECIDED THAT A COMPREHENSIVE, MAINFRAME 

ADDRESS ALL ASPECTS O F  A WORLD CLASS RISK MANAGEMENT PROCESS. 

BASED RISK-RELATED INFORMATION SYSTEM SHOULD BE DEVELOPED TO 

THIS LEAD TO THE ESTABLISHMENT OF  PROJECT RIMAS (RISK 

INFORMATION  MANAGEMENT IN SPOORNET). 

THIS PAPER BRIEFLY DESCRIBES  THE RIMAS COMPUTERISED 

INFORMATION SYSTEM. IT THEN DESCRIBES  THOSE  FEATURES OF RIMAS 

THAT DIFFERENTIATE IT FROM OTHER RISK RELATED SYSTEMS THAT ARE 

AVAILABLE. 
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INTRODUCTION 

To manage  without information, is  not to manage  at all. 

The  popular saying goes: 

“If  you  don’t know where you are going, it doesn’t matter which 
road you take to  get there”. 

Without information: 

- you won’t know where you are  heading 

(or where you should be heading); 

- you won’t  know which  road you are  taking to get there; 

(or which road you  should be taking); 

- you won’t  know when you deviate from this road 

(and remember, in the  first place you  didn’t know which  road it 

was);  and 

worst of all, you won’t  even  know where  you  are coming from. 

Spoornet  is a  massive  organisation with 2 1 000 route kilometres of track, 
50 000 employees, and an annual turnover of about R8 000 million generated 
by moving 160 million tons of freight. 

Spoornet  also has a substantial  cost of risk. In order to reduce this cost of risk, 
and to ensure  that Spoornet knows where it is coming from and  where it is 

heading, one of Spoornet’s initiatives is Project Rimas of the Risk Management 
department. 

Rimas is the acronym for Risk Information Management  in  Spoornet. Rimas is 

a mainframe  based computer system designed to integrate all information- 
related  aspects of a world class  risk  management  process. 
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1. HISTORICAL BACKGROUND TO " A S  

When  Risk Information Systems  came  into existence just  over two 

years ago, Spoomet consisted  organisationally of ten regions and a 

head office, and  ten different departments at each of these  centres. 

1.1 STATUS OF RISK INFORMATION AND INFORMATION SYSTEMS 

IN 1994. 

The first task was to scan  the available  risk  related  information 

throughout  this  mammoth  and complicated organisation. 

The main characteristics of the  information and information 

systems  then in existence, were: 

- information systems varied from manual paper  systems  through 

PC's used as word processors, to PC's properly applied; 

- huge  variances between regions and  departments existed in  respect 

of the types of information that were processed, the  formats in 

which it was kept, the timing of information  processing, etc.; 

- various important types of information were not collated at all, 

- very little integration of risk  related  information  existed; and 

- what was often kept was data, and when someone asked for useful 

information, expensive and time-consuming  exercises ensued. 

As Rimas is still in its first phase of development this  situation is to 
some extent  still  prevalent. 
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1.2 THE  EXTENT OF SPOORNET’S RISK RELATED LOSSES 

In  order to form an idea of what  the scope of the  system  should be, 

to determine  how  much money and effort should be spent  on  the 

system,  and to identify the  critical  risk areas  which  should first get 

attention, a n  investigation  into the  extent of Spoornet’s risk  related 

losses  was  conducted. 

From the available information, and with some  reliance  on 

estimates,  it emerged that  the  losses were substantial. 

In order of decreasing  magnitude  the following types of risks were 

identified: 

Asset  related  losses 

Injuries on duty 

Freight losses 

Operating delays 

Theft 

Strikes 

Third party  claims 

Fraud 

The  extent of Spoornet’s  risk  related losses  warranted a fair 

investment  in a risk related  information  system. 

1.3 THE DEVELOPMENT OF RISK MANAGEMENT IN  SPOORNET 

I -  

The Risk Management  function in Spoornet  was officially 

established  about 3 years ago. 

5 



2. 

Naturally, certain  elements of risk  management  had been practised 

for years by many  managers- they just didn't know it was called 

risk  management. 

However, the systematic,  holistic, process- driven approach to risk 

management really only started when the risk  management 

function was officially established. 

From an information  point of  view, the implication is that there  was 

great uncertainty regarding the types of risk related information 

that  should  be available. 

STRATEGIC GOALS 

2.1 THE  VISION OF RISK MANAGEMENT 

The vision of Risk Management in Spoornet is: 

"TO INTERNALISE A WORLD CLASS RISK MANAGEMENT 

PROCESS IN SPOORNET WHICH WILL VISIBLY ADD VALUE TO 

BUSINESS STRATEGIES" 

2.2 PREDICTABLE  SERVICE 

In order to  increase  its  market  share  the  most  important  current 

business  strategy of Spoornet  is to deliver a predictable service. 

(Not predictably  late, as some  pessimists would have it, but to 

deliver a competitive,  quality service). 

The goal of Predictable Service is to get Spoornet  operations to a 

level where all consignments will be delivered on time, every time. 
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2.3 THE GOAL OF RISK INFORMATION SYSTEMS 

3. 

I i  

I f  

I I  

In support of the vision of Risk Management and of the  main 

business  strategy of Spoornet,  it  is  the goal of Risk Information 

Systems to assist line management  in  managing  their  risks to 

optimally  acceptable levels  by developing the  required  information 

and functional systems, as well as the  supporting  processes. 

A GLIMPSE OF RIMAS 

3.1 SPOORN" MANAGEMENT'S BRIEF REGARDING RIMAS 

Management's brief to Risk Management was to develop the 

risk information system along the following guidelines: 

- develop a mainframe  based  system  which  is fully integrated  with 

I 1  

l i  - utilise as f a r  as possible existing mainframe  workstations  which is 

I I  
I .I 

II 

other  Spoomet information  systems; 

located  countrywide; 

- prevent  fragmentation of risk  related  information by building a 

system which will accommodate and  integrate  all  types of risk 

information; 

- develop the  system  in conjunction with line management  and 

I !  

\ I  
I ,  the Rimas  system, with the  normal  functional  activities of line 

I !  management; and 
I I  

take  into  account  the  requirements of all other  stakeholders; 

I i  

- integrate as f a r  as possible all risk related  activities, and therefor 

7 



- do not re-invent the wheel, but  as f a r  as possible  make use of 

existing software, where available and  suitable. 

3.2 THE MODULAR APPROACH OF RIMAS 

From the  research that was conducted and information that was 

gleaned during  the  Joint Application Development sessions,  it  soon 

became apparent that Rimas would  be a project of formidable size. 

Two options were considered: 

- spend  the  next  three  years on development and then 

implement a fully fledged system in one go; or 

- develop the  system modularly and  implement one module 

roughly every four months. 

For the following reasons  the modular approach was preferred 

i. anxiousness to get the frrst modules  operational as soon as 

possible,  particularly in respect of the more critical risk 

areas; 

ii. pressure from Insurers for an incident reporting  system; 

111. new legal requirements; and  
... 

iv. the  inherent risks in developing a complete  system before 

implementing. 

8 



3.3 THE OVERALL F W E W O R K  

I 1  

il 

As a starting point,  the team developed an overall framework 

for the Rimas project. 

i. First the major  risk  categories  which should be addressed  in 

terms of Spoornet’s  holistic approach  to  risk  management 

were identified. 

These  categories are: 

* Pure risks; 

t; Commercial risks; 

* IT risks; and 

* Financial risks. 

ii. Next the types of risks that would probably  be  found  in  each 

of these categories were determined. 

For example, within Pure  risks  the following types were 

identified: 

- asset  losses; 

- freight losses; 

- injuries on duty; 

- environmental losses;  and 

- Operational incidents 

Within IT risks  the following types were identified: 

- hardware  risks; 

- software risks; 

- process and procedures; 

- staff risks; and 

- legal risks 



The parcelling of risks  is  essential  because it was found 

that  about 70% of the information requirements for the 

various  categories and types of risks are completely different. 

This  means different screen designs, differences in  the 

database, differences in information flow, etc. 

Parcelling was  also  essential for the modular development 

approach. 

3.4 THE MODULES OF RIMAS 

Through discussions with a wide spectrum of role players and 

research of the  latest  literature  and  practices regarding a world 

class  risk  management  process,  the Rimas team identified the 

following  frfteen major  modules of Rimas: 

1. Incident  management 

2. Risk Identification 3. Risk Assessment 

4. Risk classification 5. Risk profiling 

6. Risk prioritising 7. Risk Costing 

8. Risk accounting 9. Risk Financing 

10. Risk Handling Plans/Programs 11. Risk Improvement Programs 

12. Risk Monitoring 13. Risk MIS 

14. Early Warning System 15. Functional Modules 

Together, these modules form the overall framework for Rimas and  the 

basis of establishing  a world class risk  information  system  within 

Spoornet. 
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3.4.1 Content of the modules 

Describing the  content of all the  modules will require  volumes of 

space. By way of example, the  content of the Risk Costing module 

and  the Risk Handling Plans/Programs  module  are briefly as 

follows: 

i. Risk Costinq module 

Risk costing  is more complex than it would appear. For instance, 

an incident  actually has four  variations of costs: 

- costs for insurance  purposes; 

- costs for claims against  third  parties; 

- costs for management  purposes; and 

- costs for accounting  purposes. 

The  costing module will incorporate  the different methodologies, 

formulae,  templates,  cost  factors  such as the  cost  per vehicle 

kilometre for various types of vehicles, labour  charges  and a host of 

other information to enable users to make  the  required  cost 

calculations for each type of cost. 

11. 
.. 

Risk hnndlincr plans/proqrams 

This module entails  plans  and  programs to handle  various 

types of risks  should  they  rnaterialise. 

The type of plans we have in mind will include  Emergency 

Plans,  Disaster Recovery Plans and  Business  Continuity 

Plans. 

1 1  



Instead of these  plans  and  programs being paperbased and 

on a file that may be locked up in somebody else’s office on 

the night that the  disaster  occurs,  it will  be available to all 

users on the  system. 

It will ensure that all users work according to the most  recent 

version of the  same plan. 

All line managers will draw up their  plans  according to 

standardised  formats which will be available on Rimas. 

3.5 THE OBJECTIVES OF RIMAS 

In  order to support line  management in managing their  risks down 

to optimally acceptable levels, the  broad objective of Rimas is: 

To take the  best of currently available risk  related 

methodologies, techniques,  formulae, etc., enhance  it with 

our own knowledge, adapt  it  to our own requirements for 

different types of risk  and provide it to line management  in 

the form of user friendly computerised tools to enable  them 

to perform their  risk related functions  in  accordance with 

standardised  yet tailor-made procedures. 

More specific objective are: 

i. to  make visible the  true extent, nature  and cost of risk-related 

incidents to all levels of management; 

ii. to supplement  the information in respect of incidents by 

providing management with tools to identify, evaluate  and 

prioritise a l l  potential  risks which may  materialise; 

12 
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iii.to support effective incident management e.g. reporting  and 

notification,  disaster recovery, incident investigation, recurrence 

preventative  measures,  claims  and  financlng of the  incident; 

iv.to provide information and tools to enable  management to 

prevent risks from materialising; 

v. to provide a complete database of risk  related  information 

enabling  analysis thereof  e.g. to determine  trends  and identify 

frequent similar causes to monitor  non-compliance to rules 

regulations  and laws to measure performance against  norms 

standards  and  benchmarks  to  make projections,  etc., in order to 

support effective management  decision  making; and 

vi.to eliminate  the  multitude of antiquated,  cumbersome  and 

isolated manual risk related systems  currently in operation by 

providing an encompassing, flexible and  integrated  computerised 

system. 

I 1 1. Rimas will incorporate  the  best methodologies, techniques,  formulae,  etc. 

that are available. 

il 
I \  
\ i  formulae are available, existing off- the- shelf software packages  have the 

1 1  
l i  techniques  and formulae. 

Although a multitude of risk  related methodologies, techniques  and 

disadvantage of employing only certain  pre-selected  methodologies, 



In Rimas we will have  the advantage of being able to select the  best of 

what is available, adapt  it to our own requirements  and  then build it into 

the system. 

It may happen that we  will select one methodology of e.g. risk  assessment 

for pure  risks,  but  another methodology  for I.T. risks. On the  one  hand 

we  will standardise,  but on the  other we  will  be  flexible. 

Whatever we select, we  will  know it  is  the  best  and most suitable for a 

particular  application. 

2. Line management will have access to standardised yet tailor-made 

screens, templates, methodologies etc. 

At frrst glance “standardised yet tailor made”  appears to be a 

contradiction in  terms,  but  it need  not to be. 

Research has shown that  about 30% of the information on  various types 

of incidents  are  the  same. These include  time,  date, place and  reporter. 

The other 70% is completely different for say an asset  incident vs. a 

freight incident, or an IT- hardware  incident vs. an IOD incident. 

For this  reason,  although  standardisation as f a r  as possible is ideal, 

Rimas  makes ample provision for practical differences. 

Other  systems often provide one generic incident  reporting  format. They 

try to accommodate every possible eventuality on this format.  Due to 

complexity and diversity, they actually do not  succeed in making half the 

people happy half the time, but  rather in making everybody unhappy a l l  

of the time. 

14 



3. Rimas will be  fully integrated with the  other information systems of 

Spoornet. 

1. The more important information systems of Spoornet  all  operate in a 

mainframe  environment. 

The integration of Rimas with the  other  systems has the following 

advantages: 

If a person’s pension  number  is keyed in,  the  system will pull 

into Rimas that person’s particulars from the  Human  Resource 

system. If a train no. is punched in, the  system will pull in the 

particulars of that train from the  Sprint  system; 

Less information is therefor keyed in leading  to time  savings and 

presenting  less scope for errors. 

the  same information is not stored  on two or  more systems,  leading 

to memory capacity savings; and 

the  same information is  in  fact  the  same,  and  not different, as often 

happens  when  the  =same” information is  carried  on different 

systems. 

ii. I n  time provision will  be made for electronic data. interchange with 

external  parties such as Insurers and clients, e.g. for claims purposes. 

4. Rimas will  fully integrate all aspects of a world class risk management 

process, i.e. all modules of Rimas will be fully integrated with each  other. 



For example, the  cost module will be linked to incident  reporting module, 

which in turn will be linked to the claims  module. The claims module 

again  is linked to the  Insurance module. 

Rimas therefor has  the ability to assimilate information about all the 

various  components of an incident and all the  parties involved in  that 

incident. 

5. Rimas has a notification function consisting of various levels. 

- The first level is to n o w ,  by selection, all parties  who must react to 

the  situation  (although we do not plan to replace telephonic 

notification); 

- The second level is to prompt  investigation into an incident. 

- The third level is to illicit additional  information, e.g. costs, from all 

parties that were  involved in the incident. 

- The fourth level is  to not& the  claims section, and  through them 

the  Insurers, of an incident. 

The big advantage is that an incident is now captured only once, and  not 

four or five times as was often the  case in the  past when eveIy party 

involved  logged the  incident on its own system. 

The capturer, who  will be as close to the first point of contact as possible, 

will capture only generic information about an incident e.g. time, place, 

what  had  happened,  and who was involved. 
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Rimas will then  require  the  capturer to select what was involved, e.g. 

freight, assets,  injuries, operating and  environment.  Rimas will further 

require  that  the  capturer selects who must be notified, e.g. Signals, 

Rolling Stock and Mainline Passenger Services. 

From  the what and who information and  the  terminal  addresses of all  the 

parties which reside on the  system,  all  parties  selected will be notified of 

the incident by the  system. 

I1 Where  applicable, these  parties will then be provided with  screens 

I 1  

11 

[ I  

relating to their specific domain,  requiring  additional  information  about 

the incident to be captured; e.g. costs  and  time of rerail of a wagon. 

Security  and Risk Management will be notified of all incidents as a 

standard procedure. 

I I 6. For  accounting  purposes, Rimas generates a unique  number for every 

incident. 

I 1  

I J  

[ I  

II 

I .I 
! I  

When an incident  occurs Rimas generates a unique  number for that 

incident. When work is performed in  respect of the  incident, this number 

is  used by the  technical  departments  on all works orders  relating to that 

incident. 

The works orders  reside on the SAP accounting  system  and  through  the 

unique  number  it allows us to extract  the  exact  costs of a n  incident from 

the accounting  system. 

7. Rimas provides users with a function to update  information. 
I t  
I t  
! I  

I ’  Information  regarding an incident is often initially not totally  correct 
’ ,  
, ,  or complete, and we cannot expect it to be. 
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Rimas therefor allows updating of captured information as events develop 

and more reliable information becomes available. 

This  procedure  holds  certain inherent  risks,  such as may be encountered 

when  the  amount of a claim is  changed,  or  the finding of an investigation 

is  changed. 

To counter  these  risks b a s  incorporates two procedures: 

- authority  to effect changes are given only to selected parties  and  is 

controlled by ID numbers;  and 

- an  audit trail exists whereby all  changes  can be traced to a ID 

number, a terminal, a date and time and  nature of the change. 

8. Rimas will provide fully integrated management information. 

The  management information of Rimas will frst of all be fully 

integrated in the  sense  that information from the various modules of 

Rimas will be integrated. 

For example, information from the freight claims  module, the  asset  claims 

modules  and IOD claims module will be  integrated to  give a true 

reflection of the  total loss of a particular incident. 

But  then  it goes one  step  further. 

By employing what is termed the  Data-warehouse,  Rimas has access to 

various  other  types of Spoornet  information. 
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Through this functionality we could e.g. relate a train driver  who  was 

involved in an  accident to the  number of hours  he  was  on  duty, or we 

could  relate the  number of derailments  on a certain  sechon to the 

number of wagon kilometres on that  section,  and  compare it to  other 

sections. 

We will therefor  have the facility to not view risk  related  information in 

isolation, but  to view it  in relation to the  broader  Spoomet activities. 

9. Rimas  incorporates an Early Warning System. 

This EWS will cover three basic  elements: 

i. E.g. when  hazmat  is  transported  on a particular train, all  parties 

involved down the line will be  informed. This will allow staff to  be 

that little  more alert  and  prepared for any  eventuality. 

(The same  procedure could be followed  for very high  value 

consignments, but  the probability of playing into  the  hands of 

criminal elements  is still being considered). 

11. Users can be electronically notified of impending  disasters e.g. 
.. 

floods or  humcanes 

iii. Exception reports where certain  types of incidents  occur regularly. 

10. Rimas  is  not only an information system, but also incorporates  certain 

functional  capabilities. 

19 



Functional  modules refer to those  modules of Rimas which are not  there 

purely for information purposes. They are there to provide a 

computerised  procedure for handling a functional activity that is 

currently done manually. 

The  best examples a re  the modules for handling  freight, asset  and IOD 

claims. 

i. For example, up to a year ago an  incident involving freight  may or may 

not have been reported  and investigated. 

According to Common Law a freight claim can be  lodged against  Spoornet 

for a period of up to  three years. Often when such a claim  was received 

many  months  later, no record or evidence of the  incident  was available. 

Rimas now enforces capturing of the  incident  and investigation 

thereof, the  result of which is also captured. 

When the claim is received, the claim is coupled to the  incident  and  the 

investigation report  through  the freight  consignment number. 

This  enables  settlement of the claim within  days rather  than  months  as 

in the  past. 

11. Regarding assets, generic  information about the incident  is f r s t  captured. 
.. 

The  system than  requires  the initial user to selects was involved 

e.g. freight, assets  and IOD. If the  user  selects  assets,  the  system 

requires  the  user to select who must be  notifled,  e.g. Signals,  Track  and 

Rolling Stock. 
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Rimas now notifies a designated person within  each of these  departments 

of the incident.  Rimas  also provides them with screens  designed 

specifically for a particular type of asset incident  and  designed  for  their 

specific department. 

These  screens  require that certain  types of information must be provided 

by these  departments, e.g. estimated  repair  costs. 

The local Risk Manager is also informed of the  incident as he  is required 

to ensure that all information  regarding the  incident  is  captured by the 

various  parties. 

As the  incident, with estimated  costs,  must be reported to the 

Insurer within 14 days,  the  system  warns  users  after 12 days if 

information is still outstanding. 

Once  all  information is captured,  the Risk Manager “closes” the  incident. 

The  incident  is  then electronically transferred to Risk Finance at Head 

Office,  from where it  is  sent to the  Insurer. 

The  system  then  transfers  the whole of the  incident  to  the  claims  module, 

where  the  same  procedure as above is  repeated. 

This  is done to enable a l l  parties to capture final details, e.g. actual  repair 

costs, for the  purpose of the claim, which must be submitted  within 60 

days. 

Once the Risk manager ”closes” the claim for that incident,  the  system 

generates a claim form at Head Office. 

21 



The system then  tracks progress with the claim, e.g.: 

- Forwarded to Insurer 

- Awaiting additional information 

- Awaiting payment 

- Payment received 

11. Rimas has succeeded in not being an add-on to line management’s 

functions,  but to become a n  integral  part thereof. 

After  we had developed the freight incident and freight claims  modules, 

we embarked upon development of the  asset incident and  asset claims 

modules. 

We estimated that about 70% of asset incidents, in terms of monetary 

values, were related to the trains operating  environment. 

During  Jad-sessions  on regions we also learnt that the Operating 

department did not have a standardised  incident  reporting system in 

place. 

We also knew of the urgency of attaining predictabillty of OUT train 

service. 

We consequently devised a plan  and a process whereby the Rimas system 

would be used in operating offices. 

The  crux of this  process  was  that all parties who needed to know of an 

incident will  be informed immediately when an incident is logged. 

We do  however not  plan to replace the telephonic notifkation of parties 

who should know immediately. 
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The Joint  Operations Office is responsible for the  planning,  monitoring 

and  re-scheduling of train services countrywide. 

Rimas enters  the  arena of predictable service in that the JOO will be one 

of parties that will immediately be notified of any rail related  incident. 

Although the  JOO may already have been notified telephonically of the 

incident,  the  computerised notification will have the following benefits: 

- the  system  presents  the  user with screens  structured  in  such 

formats as to illicit all critical information about  the  incident from 

the  reporter;  and 

- the  fact that the  reporter  has  to commit the  information  about the 

incident  to the system, will in itself inspire  the  reporter  to greater 

accuracy. 

The many  instances of incomplete, inaccurate  or vague reports  is  therefor 

expected to drop  sharply. 

This will  allow the JOO, technical staff, etc., to react more effectively to 

the incident. 

I1 5. RIMAS' SUPPORT OF PREDICTABLE SERVICE 

I_( Rimas will support  the  attainment of predictable service by: 

J - providing line  management with tools enabling  them to minimise 

those incidents which can  disrupt Spoornet's business  processes; 

j - providing support for  recovery in  case of incidents to limit 

consequential  losses; 



- enabling line management to inform clients expediently of 

instances where the  business  processes was disrupted, enabling 

clients to take corrective actions; and 

- enabling  fast settlement of claims where clients’  goods were 

damaged; 

6. CONCLUSION 

The overall g o d  is to rninimise disruptions to the  Spoornet  business 

process. In reaching for this goal: 

- the cost of risk will decline; and 

- the strategic  goal of Predictable Service will be supported; 

It is confidently expected that Project Rimas will greatly contribute to 

these goals. 

Spoornet has opted for an effective and efficient long term  solution,  rather 

than the  quick-fx off-the-shelf option which normally in long run does 

not solve the whole problem. 

Although the initial pace of development has been relatively slow, and  the 

price not cheap, b a s  is bound to prove itself beyond reasonable  doubt. 
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THE DEVELOPMENT OF INFORMATION SYSTEMS FOR ENHANCED 
MmAGEMENT OF METRORAIL INFRASTRUCTURE 

1. IXTRODUCTIOX 

Safety lies at the very heart of the Railway culture and we are  faced with  daily nsks from  Rail 

Infrastructure. Infrastructure 1s similar to the backstage functlon of a productionshow. It is not 

appreciated  nor noticed while the show is on, it is only when the  curtain fails to rise or when the 
spotlight  fails  to light when the importance of the backstage  operation  becomes significant to the 

success of the show. As unimportant as our task my  seem to our commuter, as challenging and 

essential it is to uphold and maintain safety  standards and provide a reliable service to our 
commuters and internal customers. 

2. CURRENT PERSPECTIVE 

Suburban Rail Commuter services are currently g i g  provided by Metrorail Services, a division 

of Spoomet, in terms of an contractual operating agreement between  the SA Rail Commuter 

Corporation (SARCC) and Transnet. The SARCC came  into  being as a commercial entity on 1 

April 1990 in terms of the Legal Succession to the South African Transport Services Act, 1989 

(Act no 9 of 1989). The SARCC became the owner of all the metropolitan rail commuter assets 

and presently functions  similar to most suburban  transport  systems world-wide, being heavily 

subsidised by Central Government. 

The suburban  rail transport has over the past 15 years lost market  share and the industry is now 

forced to reposition itself in order to attract commuters. This places tremendous pressure on 

M e t r o d  to become more competitive in the running of a safe and reliable business. At present 

there is no rail related competitor, we compete  against our own  best performances which are 

monitored  and benchmarked against world best practices All this requires a major effort by  the 

Infrastructure Depamnent to become more efficient and effective in the management of the rail 

assets; track signals and electrical 
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3 EFRASTRUCTURE ASSET BASE 

.Metromil is under contract to manage the rad busmess with the following operational statistics: 

1 OPERATIONAL  STATISTICS FOR THE SUBLRBAX RAIL CO>lMLTER 

SYSTE-M 

Length of electrified rail track 

456 Number of stations  served 

2 220 km 

r 

Train sets 360 

1 Motor and Trailer  Coaches I 4 635 I 
_____ 

Train trips per  annum 

Tram kilometres  per annum 

442.7 million Passenger journeys  per  annum 

28.7 million 

Passenger kilometres  per  annum 9 100 million 

Passenger trips  per day (weekdays) 1 4 million 

Number of employees: 

Metrorail 10 500 

~~ ~ 

756 080 

Infrastructure's  operational  spending per annum is t R360 m which is 30% of the total Metrorail 

operational budget  and has a i  R120 m capital budget per annum. Infrastructure  has a staff complement 

of 3 500 employees. 



II 4. INFRASTRUClVRE FOCUS 
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L 

Infrastruchlre is part of the whole supply chain to  provide a servlce to the  commuter  and  has a 

major influence on the provision of a safe  and reliable service. We  see our major focus to 

improve the service by being  more  predictable in terms of operatlonal readiness and risk 

assessment. Predictability from  an  Infrastructure perspective is the ability to constantly be 

forewarned of potential  asset  related  failures  and defects. 

' 1  



' 6 -  

The SARCC / Transnet  Business agreement is performance focussed and penalises delays and 

cancellations caused by Metrorail. The large contributor is failure due to defects in asset 

condition. 

Only the more effective management of the assets will improve  service levels. The demands on 

Infrastructure require attention to the following:: 

1. Improve asset management 

2. Ensure a more productive workforce 

3. Improve maintenance planning 

4. More pro-active response  to  defects 

5. Improve fault finding mechanisms and in so doing  reduce train delays and cancellations 

and improve operational excellence 

To achieve the above  we  need  to focus on our core  responsibilities and improve 

communication  with our internal clients. 
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EARLY WARNING SYSTEM 

Companies  that  are  skilful  in  anticipating  change  in asset condition  will be able  to  ensure 

acceptable  service levels. 

An early  warning  system will help  to  anticipate this change  and wil! alert  management to potential 

failures  and  problems  before  the  actual  Occurrence  thereof. An Early  Waming System is essential 
for  planning  and  suategising  to  ensure  predictability. The major  proviso of such a system is that 

users  must  have  confidence  in it. If several  indicators  point tothe same  problem  the  signal  cannot 

be ignored. 

Visual  inspections is the  present  method of determining asset condition  and  we  have  become 

torally  reliant  thereon.  We  can  never  ignore  the proven  experience that our staff have developed 

over the years,  but  we have come to  realise  that things need to be done on a more  scientific  basis, 

where  management tools are used  to assist  decision  making  which  will  enable us to  move  from 

a reactive  to a more  pro-active  platform. 

SYSTEM DEVELOPMENT 

The danger in todays railway business is not realising the risks in the business and  not being 

able to  manage  and position oneself once risk is identified. 

In all instances we have to  take  decisions. The manager must be able to decide whether  one 

alternative might  be more  desirable  than  another. 

With  the  focus  on safety, the  risks  that  Infrastructure face must be understood and managed 

effectively  at all levels  and we  believe  that an effective  information  system is essential  to  identify 

such risks which  will  become an indispensable  tool in the  organisation. 

We thus  realised  that  we would  have  to  make some dramatic  changes  and  improvements if  we 

were  to  be  in  control  of our business.  We  undertook a rigorous  analysis of the  requirements of 

ourclients, of the risks and  uncertainties we face  and  initiated an information transformation of 

our business that  continues  into  the  future. We decided  to  direct our efforts towards  4th 

generation  technology  available  in  the  information  industry. 

We  have  learned  the  value  of a systematic  evaluation of the risks facing our business. Our focus 

is to  minimise  the  fear that “Risk is not always where you expect it to be” and to  be able to 

develop a more  predictable  environment  where the risks in  the business become  more 

manageable. The philosophy we support is that  the decisions  we make  to accept and  tolerate 

risks are as important  as those we make to minimise and eliminate risks. 
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Prior to the development  of our InFrasmcture Management Information System W S ) ,  essential 

data  was  stored in  various databases, filing systems and CAD systems. Previously even the most 

basic queries on asset performance were conducted by referring to several sources taking up 

valuable time and  in  many instances the information was  not available or unreliable. In depth 

analysis of asset condition was never possible because we gathered large banks of data but had 

no information. 

In developing a new system it required a phased approach.  The first phase involved the 

development of a single data  base to list all Infrastructure data, with h e  codes, maintenance 

units and asset identification numbers. This exercise required the verifying and cleaning of the 

present  available data. ?his system allows the recording of actual field measurements, readings, 

fault reports, site work  etc. 

In phase two we embarked on a process of developing deterioration models  based on pre-set 
norms, standards and instructions. The exercise commenced with workshops where various 

decisions were made by experienced staff in terms of life expectancies of assets and asset 

confidence as well as the development of probability distributions for each variable based on 
deterioration  rates. This process requires estimates of averages to be made with  some degree of 

experience. To effectively develop models i.e. for the track condition, many variables  need  to  be 

considered i.e. track curvature, axle load, lubrication, rail metallurgy, rail-wheel interaction etc. 

hfrastmcture is vulnerable and can sometimes unexpectedly fail. Estimates of potential failure 
based on present knowledge, no matter  how  judgemental it may be, is  always  better than no 
estimate at all. Our worst  enemy for progress is trying to achieve  perfection. 

This developmental phase is ongoing and will nm parallel with all  other developments. 

Prediction models will be improved over time as more information is  gathered and new 

technology is developed. 

Looking  beyond our boarders at  Penvay we see that J R Wat  are developing a system  to monitor 

track condition  based on car vibration technology; the  European rail companies have undertaken 

a research  project to develop theoretical modelling to provide suitable theoretical background in 

order the enhance the prediction of the geometric deterioration of ballasted track. This 

emphasises the fact that we must learn from experience in other countries. 

Signalling systems are by nature of their design risk free systems  but for every  right  side failure, 

the risk of an accident significantly increases due to the human factor (train controller) in 

providing authorisation to the train driver. 

The challenge does exist to use information to  maximise the inherent reliability of the system. 
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Major  advances  have  been made to develop  statistical  tools to analyse fault data and identify 

failure modes and  fatality predictions of the equipment. 

Our central  tram  control  offices are also morutoring the operation of equipment  such  as point 

rnachmes, with the view of identlfying deterioration of performance. 

Signalling technology is experlencing a rapid change to microprocessors  and  micro  controllers 

which  make it so much easier to process  large volumes of data mto useful information which can 

be  transmtted by means of advanced modes of transmission. T?us provides  increased 

OppOrtUnitieS to monitor  the  assets to ensure continuous high level performance. Fault 

diagnostics are also built in facilities in the newer generation  systems,  providing  quicker  reaction 

time and therefore less train delays and again fewer  authorisations. 

In the Electrical  discipline  the asset condition  assessment  systems  have  been  developed  for 

overhead track equipment and certain traction substation  equipment. 

On completion  of the  initial assessment of the condition of all these assets  the  monitoring  process 

will  commence enabling historical data to be captured on which predictions of life  expectancies 

can be verified. These  models will assist  management in determining  the  optimum point of 

replacement of equipment considering the condition, costs to maintain, reliability and availability. 

Phase 3 of the system development involved a comprehensive risk assessment of each discipline. 

This has  been  formalised in a Safety Case  which forms part of our Safe Railway  Management 

System process. This has provided  line  management  with  a  good  understanding of the various 

risk profiles which  need to  be managed. 

We commenced with phase 4 when  we came to realise that Geographic  referencing of our assets 

and data was emerging as a technology in meeting the  changing needs of today's managexs. We 

found that there has  been  an evolution of Geographical  Information  Systems (GIs) from a field 
proven data integration technology to a core organisational  management tool. 

Infrastructure commenced this phase  with a pilot project on one of our regions. The object of the 

project was to create a system for immediate use  by the disciplines and  also  prepare  ourselves  for 

implementation of GIS  within  the entire Metrorail. 

One of the  key components of the pilot project was the  capturing of the track, signals  and 

electrical assets. A decision was made to capture the data  on  a  portion of the rail network by 

means of GPS (Global Positioning System). The GPS  mapping  system  provided  a  quick  and 

relatively cheap method to collect and transfer physical site  data to the  GIS  system.  We  further 

linked the GIS with our existing Database. 
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The aim of the pilot project was also to introduce the technology to the staff and develop a centre 
of excellence whch would enable Infrastructure to plan full scale GIS Implementation. 

The declsion was taken to implement a full scale GIS for all the SARCC assets including property 

and  land. GPS was found to  be unsuitable for the capture of large datasets and it was decided to 

go the route of aerial photography being the most  accurate method of capturing this data. Two 
of the four regions have  been completed and the mapping  process is well advanced. 

The mi-gation of our existing database and other applications,  into  the  spatial environment along 

with the integration with other  data in the  organisation is  now the big task that  lies ahead. 

GIs is being  designed as a holistic  system and will in future  service many disciplines other than 

Infrastructure, using a common shared database. 
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7. CORE BENEFITS 

I have  somewhat  deviated from the conference theme, but we  will  now focus on the benefits of 

the information  system. 

The resultant benefits  realised  from  the  pilot  project are a potential  five-fold increase in  the speed 

of  processing  various inquiries on asset management such as condition reports and  risk 

assessments.  We  already see major  productivity  improvements  developing out of the  system. 

Using  the  system  would  allow  the  user to interrogate the database  by way  of line codes and asset 

codes.  Once  the  spatial  extent is established, the location  and  relevant  details  of the specific asset 

can  then  be  displayed. Other details  relating to this asset can be retrieved  such as maintenance 

history,  past  failure  incidents,  asset  replacement  plans  etc. Our managers  will now have a unique 

way to retrieve,  view, analyse data  and produce short term  and  long  term plans to address 

maintenance  and replacements to ensure a safer and low risk rail environment. 

The key  benefit  of  the system is that it  enables our employees to improve  communications at all 

levels of the hierarchy. Vertical communication as well as horizontal communication  and data 
exchange between disciplines and departments will improve dramatically. 

The manager  will  use the geographic system to bring together the maps and data needed to 

visualise not  only  where the line or  asset is located, but also its age, tonnage carried, maintenance 

history, fault  reporting, failure and accident statistics. 

The advantage in t e r n  of the data linkage in GIs is that all the data basis will use the same 

location  indicators  enabling staff to  conduct  on-line  searches  and  for cross functional information 

relating to a specific location or asset. 

This cross functional information referred to is the data  from our existing databases developed 

in phase 1 and is constantly fed  with new data by our linesman, signal maintainers and track 

inspectors. 

We are creating  an interactivedata environment  with on screen  ‘relational” information which 

will  provide a correlation  between  various  incidents i.e the  position of track  skid marks in relation 

to the signal  post, pantograph hookups  in relation to the geometry of the specific track,  defect 

occurrences in  relation to traffic density (tonnage and number of trains) and asset age. 
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We can examine Infrastructure defects and look for tendencies which could indicate problem 

areas requiring  attention. Typical failures / defects include the following: washaways, flooding, 
hook-ups, contact wire wear, rail  wear,  rail breaks, derailments, block joint failures, ultrasonic 

rail  defects,  kickouts, electrical earthing problems, track geometric defects, landslips, mudholes, 

skid marks, rail corrugations, corrosion of structures, broken sleepers and fastenings, signalling 

equipment failures (many types) etc. 

Because of the  data linkages inherent in our holistic approach, someone analysing a rail  line  can 

determine the condition and extent of maintenance required. We can analyse the historical 

maintenance  data to reveal input effort versus resultant condition  and availability of infrastructure 

so as to optimise the maintenance operation and reduce failures. 

There are many integrated maintenance operations which take place on a daily basis and the 

combined effect of all  these operations can be visually depicted and viewed with failures and 

outage times to reveal relations between maintenance operations and system performance. An 

example of this would be: What influence does ballast cleaning  and ballast tamping have on track 
performance? Is there a difference in track performance following grinding operations and  how 

is this influenced by the  ballast / formation condition?  What part does  track geometry play  in 

system performance. What  specific reasons can  be identified as causing skidmarks and 

railbreaks? Are certain  areas  more prone to  defects  than others and are there differences in 

response and repair times  between maintenance sections? 

7.1 CORPORATE BENEFITS 

0 The spatial information of Infrastructure has a major benefit  to Train Senices 

and is being used for their Train  Scheduling programme. This will allow Train 

Services to simulate various routes and reroute in  emergency situations such as 

derailments, occupations, power  failures etc. 

0 We can analyse accidents / incidents / injuries in relation to pedestrian and level 

crossings. 

0 We  can link train delays and cancellations to specific infrastructure problems 

and other operational factors. 

0 Tracking of historical trends of cable theft and vandalism to identify recurring 

problem areas can be done. 

0 We can link costs, passenger counts and income per corridor on a visual bases 

for better business management and decision making. 
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0 Planning of intermodal transport in conjunction with geographical information 

from the Metropolitan authorities will be possible. 

By manipulating  and  analysing the data within a geographical context with the decision 

support models discussed earlier in phase 2, Infrastructure will be able  to anticipate, 

predict  and  deal pro-actively with maintenance requirement which will result in a more 

predictable service. 

CONCLUSION 

The IMIS will enable  line management to make informed decisions and use information to 

improve processes via desktop PC's. 

According to  the Health and Safety  regulations, organisations are compelled to take all reasonable 
steps  to ensure compliance. We see the management process via our information systems as 

providing a sufficient mechanism for compliance.  Management will now not only prepare for the 

disaster which  may occur but will also be able to  see the risk potential of those crucial everyday 

activities. The  challenge  will  always remain to  identify  the  threats  which  have  serious 

consequences but low probability of occurrence. 

Infrastructure will progressively  implement this information technology tool in  order to empower 

employees with information. We will constantly research new  technologies  such as 
Georeferenced Digital Video, which will dramatically reduce data collection costs compared to 

manual surveys. We believe that this information technology shift that we are  busy with will 

reduce overall cycle times for a number of our operations and contribute significantly towards 

asset condition predictability and improved safety. 
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1. Banverket - The Swedish Model 

Banverket (BV) is a  Central  Administrative  Agency  which  is  responsible 
for the  operation,  maintenance  and  investments of the  Swedish  State’s 
track  installations.  The  activities of BV is mainly  financed  by  annual 
government grants. 

BV  was  formed  in 1988 as a  result of a  new  Transportation  Policy 
Decision. This policy  stipulated that the  previous  state  railway  authority, 
SJ, should  be  turned  into  a train operator  strictly  acting  on  commercial 
basis and  an  infrastructure  manager (BV) acting’on  socio-economic  basis 
should  be  established. 

Today BV is managing  some 10 000 kilometres  of railways of which 6 
744 kilometres  consist  of trunk railways.  Approximately 74 per  cent of 
the  total  network is electdied and  roughly 13 per  cent has double  !rack 
standard.  A  track  utilisation  agreement  between  BV  regulates  the  use of 
the  Swedish  State’s  track  installations  and  the  responsibility  for this 
utilisation. 

The  introduction of the  new  railway  policy  also  contained  a  programme of 
upgrading  the  entire  network.  New  railway  lines  have  been  opened,  the 
capacity  has  increased  by  the  construction  of  double tracks and  heavy 
reinvestment  measures has taken place. During 1995 BV has spent  about 
10 MSEK on investments. 

! 

2. The Risk Situation for BV as an  Infrastructure  Manager 

2.1 Legal  Situation - “Strict  Responsibility” 

As an  infrastructure  manager  BV has the  legal  responsibility  for  the 
tracks  and  the  related  equipment.  According to Swedish  law  the 
responsibility is “strict”,  i.e. BV has an  obligation to compensate  for 
incurred  damages  even  when  the  damage is caused by  the train 
operator. BV is  authorised to handle  the  different  claims  concerning 
casualty  (property  and  liability)  and  personal  injury.  BV  yearly 
pays  expenses of approximately MSEK. 

According to an  agreement  between  BV  and SJ, claims for  damage 
fiom rail passengers  and  freight  customers are regulated  by SJ. 
Examples  of  compensation  for  damage  regulated  by  BV  are : 

- dogs,  cattle  and  reindeers  killed  or  injured  by  the train 
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- persons  killed  or  injured by an  approaching train 
- persons  killed  or  injured  by  the  catenary 

2.2 Track  UtiJisation  Agreement  between BV and SJ 

A different  situation  occurs  in  the  relations  between BV and  the 
main irain operator, SJ. According  to the above  mentioned  track 
utilisation  agreement BV is compensated  for  damages on the  track 
installations  caused  by SJ. Consequently BV is compensating SJ if 
the track  installations has damaged  the  rolling  stock.  Damages 
below 20 000 SEK is not  compensated.  The  agreement  covers  the 
traditional  trafFc  accident risks in the rail sector as train leaving  the 
track,  collision  between  two trains etc. 
Yearly  about  damages  are  settled  by  a  working  group 
consisting of representatives f?om BV and SJ. During  1993 - 1995 
BV’s compensations to SJ was  some MSEK. SJ’s 
compensations  to BV amounted  to MSEK. 

2.3 Level Crossings 

Collisions  between a train and a  motor  vehicle at a  level  crossing 
represent  the  most  common rail accidents  in  Sweden  expressed  in 
killed  persons.  However,  the  number of accidents  and  killed 
persons  have  dramatically  decreased  during  the  last  five  year  period 
which  partly is explained  by BV’s measures  of  abolishing  level 
crossings and the  construction  of  level  separated  crossings.  During 
1995  some  49  accidents  incurred  and 8 persons  were  killed in level 
crossing  accidents. 
Claims  regulations  concerning  level  crossing  accidents are 
somewhat  different  from  the  procedures  mentioned  above. 
Compensations  are  paid  by the road  vehicle’s  insurance. If it is 
proved  that  the  accident is caused  by failure in the  track  installations 
(which  rarely  happens),  the  Insurance  Company may claim BV for 
compensation. 

2.4 Other Risks 

BV has  set up a joint  stock  company S W A B ,  in  co-operation 
with  the  Swedish  National  Road  Admiuistration (w). The 
company  is  responsible of carrying out some construction  works 
connected to the  building of the  fixed  Oresund Link. Even if the 



construction  works will be  financed  by  user’s fee, the  iinancial  risks 
are  considerable. 
Also concerning  the  ongoing  construction  of  a  new air link to 
Arlanda airport, BV has in cooperation with the  Swedish Civil 
Aviation  Admmstration  (LFV)  formed a joint stock  company, 
A-banan AB. The  project,  partly  financed  by  private  capital, 
represents  a  financial  risk  because  of  the  uncertainties  beyond BV 
control. 
Due  to  the  existing  financial  risks  mentioned  above  the  companies 
are  requested  to  report  any  changes  for  it’s  owners  which  may 
increase  the  risk  exposure. 

3. Financing of Risks and Damage 

3.1 New  Government Directives 

Traditionally  iinancing  of risks and  damage  have  played a minor 
role in risk  management for the  central  agencies in Sweden.  But 
since  the  beginning of 1990 the  Swedish  Government has 
decentralised  a  considerable  financial  responsibility  fiom the 
central ministries  to  the  central  agencies. In scope  of this 
development a study was conducted  during 1993-1994 concerning 
risk  management.  The main findings were : 

expenditures  for  hi@y  fiequent d e r  damages  were 
considered  (and  financed) as working expenses 

expenditures  for  bigger  damages  were  usually  covered by 
additional  government grants due  to  the  prohibition  of  external 
non-government  insurance 

limited  knowledge  concerning risks and risk exposures 

unreliable  statisticlinfomation  concerning  occurred  damages 

In order  to  improve  the  risk  management, the agencies were 
instructed  by  the Ministry of Finance to analyse  their  risk  exposures, 
establish  routines  for  risk  information  and to perform  risk  analyses. 
The  prohibition  for  commercial  insurance still remains but the 
government  has  introduced  a  new  form  of  insurance  solely  open for 
state agencies. 



3.2 Risk Finance for BV 

The  findings  concerning  risk  management  in  the  above  mentioned 
study were in several  points  also  eligible  for  BV.  Even if the 
railway  sector in Sweden  during the  last years have  been  saved  fiom 
bigger rail accidents,  a  big  and  costly rail accident  seriously  could 
harm BV operations. 
During 1996 BV  has  signed an insurance  agreement  with  the 
Government  covering  claims  for  each  damage  in  the  range  between 
15 MSEK  and 300 MSEK.  The  excess  level was chosen  because  of 
the  very  few  number of damages  exceeding 15 MSEK. 
Consequently,  damages  below 15 MSEK are hanced by  ordinary 
budget  allocations. 
The  industrial  Division  of BV  which is  a  part of BV’s  production 
units, is organised as a  result  unit  with  profitability  requirements. In 
order to create  solutions of risk  finance  comparable of traditional 
business  companies, an insurance  agreement has been  established 
between the-division and  the  Department  of  Finance at the  Head 
Office. 

4. Risk Information 

Compared  with  other state agencies  BV has well established  routines for 
reporting  fails  at  the  track  installations  which can cause rail accidents.  BV 
also  pays lots of effort  of  offering  the train operators a reliable  rail  system 
reducing  the  number  of  train  delays  caused  by the rail infhtructure. 
The  very  high  new  and  reinvestment  level  during the last years  has  allowed 
BV to renew  the  track  installations.  Bridges,  interlockings,  transformers 
are  examples  of  different  installations  important fiom risk  management 
view  which  have  been  modemised. 

The  use  of risk  analysis is today  a  standard  activity  when  BV  is 
performing  studies  for  bigger  new  and  reinvestment  measures.  However 
the  objective  of  those  risk  analysis  is  BV’s  responsibility  to  provide  a  rail 
inliastructure  system  on  socio-economic  terms. Still BV needs to improve 
its  ability  to  perform  risk  analysis  in  various  fields, below some  examples : 

0 legal risks 
contracting  and  consulting  responsibility,  liability  due to the  high  level 
of works  contracted  out etc. 



e Operational risks 
higher  reliability  requested  by the train  operators,  higher government 
standards for environment etc. 

.financial risks (liquidity, credits, borrowing) 

It is important to note that the  risk  analysis represents a first important step 
of risk  management. This step  should be followed  by  different  measures 
in  order  to  prevent  damages and to keep occurred damages within the 
bounds.  The final step of  the  risk  management is the risk  finance. 

5. BV Further and Future Ambitions 

5.1 New Conditions 

During the summer of 1996 two important steps were taken towards 
a  continuation of the  Swedish  railway  reform. First, the  rail 
infrastructure was partly  opened  up for other train operators than SJ. 
Second,  the  responsibility of t d 6 c  operation and track allocation 
was  transferred fiom SJ to an independent unit within BV. 
The  entrance of new train operators on the Swedish rail  tracks  will 
introduce  new  risk  exposures  for  BV.  Track  utilisation  agreements 
regulating  among  other things damage  compensation must be 
established. The new operators must also have a kancial strength 
to organise  a  satisfymg risk hance. An example of a  new operator 
is MTAB which is owned by  the mining company LKAB (51%, 

NSB and SJ (49%). The new operator will operate the  mining 
trains on the Iron Ore Line fiom the Kiruna Mine to the Ports of 
Lulea and Narvik. 

Trafiic operation and track allocation  give BV a much  clearer role 
to play  concerning  the operation of the rail infixstructure. On the 
other hand, the  responsibility for the track installation  and its 
operation will also be deepened which also will affect  the risk 
management.  The  new situation must  be  carefully  analysed  by BV. 

5.2 New BV Organisation 

BV is currently  reorganising in order  to  match  the  new  requirements 
from the Government. The new  organisation will consist of a Head 
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Office,  a M c  and h t r u c t u r e  manager and a producer. The 
organisational  work will be completed  during 1997. 

An important issue for the new organisation is to establish a  client- 
server  relation  between the inhstructure manager and  the producer. 
For the  manager  which will be  responsible for the track installations 
risk  management  must be an important  tool  in order to achieve 
reliable installations. 
Also for the  producer  which  will  be run as a  traditional  business 
company,  risk  management will be top priority. Bad risk 
management  may cause high  compensations to be paid to the 
infr-astructure manager  and  consequently  badly  affect  the 
profitability. 
The  overall  risk finance of the reorganised BV will be the 
responsibility of the Financial  Department at the Head Office. In 
order to create better incentives to lower the risk exposures and the 
damage compensations,  internal  insurance will be established. 

5.3 Conclusions 

In accordance of the development described above, Banverket as 
one of the  biggest  Government Agencies in Sweden, has the 
ambition to continue and to improve the risk management. 

7 



1996 CAPE TOWN 

7 October - 9 October 1996 
The Lord Charles  Hotel, Cape Town,  South Africa 

Paper 9628 

Jos Hendricks 

Risk Assessment in the  Railned  Safety 

Management  System 



CURRICULUM VITAE 

Jos Hendriks 

Electrical  Engineer 

1970 - 1987 
Various positions in management  and  project  management in the 
Infrastructure  Division of the  Netherlands  Railways  NS  (research,  design and 
installation in the  field of telecommunication-and train control-systems). 

1987- 1994 
Head of Railway  Safety,  Department Operations Division  NS. 

1994 - 1996 
Deputy  Head of Railway  Safety  Department,  Railned,  Safety  policy  advisor 
and Risk Management. 



Railned Rallway  Safety 

CathariJneslngel 30 

3500 HA Utrecht 

Postbox 2025 

The Netherlands 

RISK ASSESSMENT 
in t h e  RAILNED Safety  Management   System 

By Jos P.J. Hendriks 

Deputy  Head Railned  Railway Safety 
The Netherlands 

lnternatlonal Railway  Safety Conference 1996 

7-9 October 1996 

Somerset West 

Reoubltc of South Afnca 



Contents 

1 Introduction 
1.1 Llberailsatlon of rall transportatlon  In  the Netherlands 
1.2 NS organlsatlon 

1.3  Actlvttles  of Rallned Rallway  Safety 
1.4 Key statlstlcs  for  1995 

2 The  Railned  SMS  approach 

2.1 From  management through  accidents to  continual mprovement 
2.2 Contlnual  Improvement 
2.3 Rtsk-based SMS 

2.4 Structural, long-term  safety 
2.5 ALARP 
2.6 Stand-stlli 
2.7 Exchange of  rlsks 
2.8 Mtnimum  set  of  safety  actlvitles 

2.9 All  aspects  management ctrcie 
2.1 0 Quallty of underlymg organusation processes 

3 Rallned SMS concept 
3.1 Rlsk analysis 
3.2 Execution  of measures 

3.4 Review 
3.3 Measurement  of  safety 

3.5 Adjustments 
3.6 New rtsks 

4 Safety planning 

5 Risk assessment 

5.2 Extsttng sttuatlon  for each safety  aspect 
5.1 Safety  aspects 

5.3.1 Measure of risk 

5.3 Standards and oblectlves 

5.3.2 Maximum Permissible  Risk MPR 

5.3.3 Short-term objectwe 

5.3.4 Long-term target value 

5.3.5 Standards and oblecrwes for each safery aspect 

6 Conclusions 

RISK ASSESSMENT in the Rallned SMS 

Policy  and Risk Management 
Ratlway  Safety 

3 

3 
3 
4 

5 

6 

6 

7 
6 

7 
7 

7 
7 
7 
a 
a 

9 

9 
9 

1 0  
1 0  
1 0  

1 0  

11 

1 2  
12 

12 
17 
17 
17 

17 

17 

77 

19 

Page 2 I 19 



POIICY and Risk Management 
Ratlway Safety 

1 Introduction 

The  Netherlands Ratlways [Nederlandse Spoorwegen or  NS) 1s golng through  tempestuous changes. 
At  the begtnning of  1996. the flrst phase of one of the Netherlands greatest  prlvatlsatlon operatlons 
was  completed. As  an autonomous company, the NS is now able to  move along the road towards a 

carrying passengers in August. Others have already shown an Interest m rat1 transport. These 
market-orientated  organisation that has to  compete  wtth other carrlers. The f w t  new carrler began 

developments have major consequences for the management of  safety In the rad transport system. 

1.1 Liberalisation of  rail  transportation in the Netherlands 

the liberalisatlon of  rail transportailon deslred by  the EC. Wlth less subsldy  from the government, a 

In 1992, a commtttee gave advlce to the government on the  prlvatisatlon  of  the NS In the context  of 

prlvattsed NS would  be able to achteve a doubling of the number of passengers. In 1993  the 
government  approved the separatton of the management of  the  Infrastructure and  commerclal 
operation as stated in EC dtrecttve 911440. The formal separation between  infrastructure and 
operatlon became reality in 1994 

The contribution of central government to  the NS is bemg cut back. In the  view  of  the NS the 

concluded when  the  flow  of subsidy is ended In 1998. It will  then  no longer be possible to take  for 
unprofttable llnes must  be paid for by  central  or local government In the  form  of  contracts  to be 

granted that  the NS will take care of the rall transport In the meanttme, many candldates have 
already applied t o  the government. This has led to the  first  competttor  on  the  railway  network  which 

This line had been closed  by  the NS In 1993. 
has operated  a  passenger service from Amsterdam to the  coast In North  Holland since August  1996. 

1.2 NS organisation 

The organisation of  the NS  was  radically changed in 1994, a separation into a  commercial sector and 
a  task  sector.  The task  sector IS ftnanced by central government and undertakes tasks for  central 
government. 

NS organisational structure 
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p o k y  and Rlsk Management 
Radway Safety 

There are three  departments In the  task sector 

Rad lnfrasfrucfure 
Handles the laylng  and maintenance  of the Dutch rad Infrastructure 

Traffc Control 

Handles the  short-term  allocatlon  of  the  Infrastructure and IS responstble for  safe  trafflc management 

Railned 
Organtsatlon for  capactty  management  lallocatlon  of  capaclty and development  of  new  Infrastructure) 
and rallway  safety. 

1.3 Activities of Railned Rallway  Safety 

drafting of pol~cy, regulattons and speclflcatlons In the area of ratlway  safety 
advlslng the  Mlnister  of  Transport and Water  on radway safety and leglslatlon 
drafting  of  safety  legslatton 
undertaking  of  risk analyses  and draftmg  of  Integrated  safety plans In the development of 

undertakmg of inspections and audlts 
new Infrastructure. new procedures and new technrques 

undertaking  of  lnvestlgations Into accidents and  mctdents 

checkmg whether  new  partlclpants In rat1 transport  meet the requlrements  for expertlse, 
organisation and ensurmg  safety 
certification of roiling  stock maintenance  companles, Health and Safety  servlces and 
examination institutes 

Organlsational diagram of  Railned Railway  Safety 

Local units in 

-Amsterdam 

- Utrecht 

- Zwolle 

- Rotterdam 

- Eindhoven I 
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Pol~cy  and Rlsk Management 
Rallway  Safety 

1.4 Kev statistics  for 1995 

The Netherlands: 

population:  15.5  mllllon 
lnhabltants  per km'. 456 

public  transport passengers per year: busltramlmetro:  71 0 m h n  

railways:  31 5 mllllon 
alr: 25.3 mlllion 

number  of motor vehicles: 6 million 

Nefherlands Railways: 

staff:  28,404 
passenger kllometres: 1 4  billion 
passengertrain  kilometres: 110 mllllon 
freight  tram  ton kilometres: 3.1 mllhon 

network  length: 2,739 km 
automatlc  tram  protection ATP: 80% 
passengers  per  day: 900,000 
trains per day: 4,500 
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Rallway Safety 

2 The Railned SMS approach 

The Rallned SMS model IS a risk-based management  system. Thls approach gamed  a  parttcularly 
great  Impetus  after a number  of  malor  ratlway  accldents In 1992 and has been  further developed by 
Rallned Rallway Safety.  The  mlsslon  of Railned Ratlway  Safety IS: the prevention and llmltatlon  of 

thlrd parties. Loss relates t o  material los’s, damage to   the envlronment, loss of  productlon and loss of 
Injury and loss in and throughout  the  rail  transport  system.  Injury relates to  passengers, staff and 

the  goodwdl  of  the  public and pollttclans.  In  the  current phase of  development  of  the SMS, the main 
attentton IS on Injury, wlth  only  llmlted  attentlon t o  loss. 

2.1 From  management  through  accidents t o  continual  improvement 

For a great many years, accldents  were  virtually  the  only cause of  improvements to  safety, Lessons 

technlcal posslbllltles allowed  better  opportunltles  for  ensurlng  the  safety  of  radway  transport Thls 
from accldent lnvestlgatlons  were  usually  translated  into  strlcter regulatlons for  the executives New 

the  rlsk  of  human error. From  about  1990 onwards, ensurlng  safety  at  the NS has come  to be 
process was more technology-drlven  than rlsk-drlven. In the eightles, greater attentton was pald to 

viewed as a matter  of management, through  whtch  the  princlple  of continual tmprovement made Its 

appearance. Concern for  safety  thus became  a part of the overall management  actlvlty  that could not 
be left  out  of  the  picture. 

Chronological  development of SMS at  the NS: 

Accidents 
Accident investigation 

Ruledriven SMS 

L . .  
-e”& 

I I 

Technical failures 
Technologydriven SMS 

Reliability analysis 

Human  failures sMs 
Human reliability analysis 

Management 

factors 

Safety management 

systems 
- RiskJQuality-driven SMS 

2.2 Continual  improvement 

A path of continual  Improvement IS bemg sought  for  rallway  safety. The inmal situation must be 

precisely known  for  thls. Proper reglstratlon  of  accldents and lncldents IS an absolute prerequlslte. At 
Rallned all the  Informatton  from  lnvestlgatlons  Into  accldents and  lncldents from  1981 onwards 

have been Included In a database slnce 1989. and thts IS added to  each month. 

(about 5,0001 have been placed  In a database. All  lrregularlttes In rad trafflc  (about 50,000 a year) 
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Policy  and Rlsk Management 

Rallway Safety 

2.3 Risk-based SMS 

The Rallned SMS assumes a nsk-based approach. In thls  rlsk  can be regarded as the  probablllty of 
Injury andlor loss. In the current phase of development the  maln  focus  of  attentmn IS on  injury 

2.4 Structural, long-term safety . 

All  the measures to be taken t o  improve rallway  safety  must be structural and  long-term. They  must 

safety p011cy: 

also have an effect In the longer run. An  actwe approach is therefore the mabn thrust of railway 

the preventlon of the occurrence of accidents and aieductlon In the seriousness of  those 
accidents that  do arwe are of prmary concern; 
a structural approach to rallway safety IS required by considerlng rallway  safety  at as early  a 

stage as possible and In all areas (exploratory studles, project development); 
an emphasls on measures that remaln effectlve, in both  lnfrastructural and non- 
lnfrastructural  facilities. 

2.5 ALARP 

The ALARP (As Low  As Reasonably Practicable) princlple applies in the  development  of measures. 
This means that  the  effectiveness of measures is  weighed against their  cost.  Achlevability and 

attalnablllty also play a part in the assessment. 

The ALARP principle continues  to apply even when  the goals  have  been  or are on  the verge of  being 

achieved. Slmple and/or  inexpensive measures wi th a positive  effect  on  safety  may never be 
neglected. 

2.6 Stand-still 

No addltlonal  rlsk may arise when there are major changes In the  Infrastructure, process operation 

mlght already have been met. The safety ObJectlves must,  however, still  be observed.  This may  mean 
(tmetable), rolllng stock or  organlsation (stand-sti/lprinciplel. Thls also applies when  the  targets 

that applytng the  stand-stlll c r i term IS not  enough and that compensation alone may  not  be 
sufflclent. 

2.7 Exchange of  risks 

Risks may not In princlple be exchanged, even when  this means that  the  rlsk  would  remain  within  the 

trains  by a reduction of  Individual rlsks In the  boarding and dlsembarklng of passengers, for example. 
objectlves. It IS thus  not permitted to accept  a  higher group rlsk as a  result of collisions of passenger 

2.8 Minimum  set  of  safety activities 

From the prlnclple of 'best  practice', the  actlvltles  that  must as a mlnlmum be present to constitute 

a proper SMS have been  examined. For Rallned these are: 
structure of  safety organisatlon 
safety In deslgn 
contractor  safety 
safety  tralnmg of staff and management 
operatlons 
safety measures and procedures 

mamtenance 
flghtlng dlsasters 
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accldent reportlng  and analysls 
lnspectlons 
Internal audlts 

2.9 All aspects  management circle 

For each safety  aspect a management clrcle IS applied:  Plannmg (plans, measurable  objectlvesl, 

procedures) and Checking (measurements, evaluat~onl. 
Organlsatlon  (actlvmes, responslbhttesl.  lmplementatlon  (work schedules, work Instructions, 

2.10 Quality of underlying organisation  processes 

The  quahty of  the  underlying processes must  lead to  a long-term  effect: 
safety  methods and techniques are used  that are appropriate to   t he  nature and extent  of the 
rlsks. A specific ORA is bemg developed by Railned, tailored to  rail  transport systems  and 

the database available at Rallned. Methods are In development for accident Investigatlon. 
audlt and inspectlon  that are appropnate to  the rail  transport  system and that yleld 

'stackable' measurement  data not  only  for  the  whole rad transport  system  but also for  each 
company. (TRIPOD-based method) 
the  way In which  safety management is  implemented  takes  account  of  the prevalllng 
company  culture. 

partlcular  attention  is  pald  to interfaces. Due to  the  privatisation of the NS and the advent  of 
other carners, thls  aspect has Increased in Importance. 

safety  management  is conslstent. 
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Rallway Safety 

3 Railned SMS concept 

Railned SMS conceDt 

I & 

3.1 Risk analysis 

Risk is  a function  of  probability  and  effect. Risk analysis IS therefore  an analysis of probabilitles  and 
effects.  The determination of  standards and critena which  the  rlsk  must  meet also form  part of risk 
analysls along  with  the  development  of measures and the assessment of measures in  terms of cost 
and benefit  to safety. 

Risk assessment  is regarded as a part  of rlsk analysis and comprises: 
identificatlon  of the undesired  events (hazards) 
determination  of  the  probability of occurrence of  the undesired events 
determrnatlon of the  probability  of occurrence of  effects 
determinatlon  of  the  probabillty  of  the consequences of  the  effect,  given  the  effect 
determinatlon  of  the percentage  probability of  the  rlsk 
determination of the  rlsk 
statement  of criteria which  the risk must meet 
assessment of the rlsk wi th regard t o  the criteria. 

When  there is lnsufflcient data to be able to determine the probabilities,  a qualitative analysls IS 

performed  following  the same steps in whlch  estmates are used or situations and solutions are 
comvared t o  each other. 

3.2 Execution of measures 

The  measures relate to all parts  of  the organisatlons: 
structure  of  safety organlsatlon 
safety in design 
contractor  safety 
safety tralnlng of staff and management 
operatlons 
safety measures and  procedures 
mamtenance 
flghting disasters 
accldent  reportlng and analysrs 
lnspectlons and Internal audits 
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3.3 Measurement of  safety 

The safety of the overall rad transport  system IS measured by Rallned Rallway  Safety at all 

companies Involved: 
Re-actlve accldentllncldent lnvestlgatlons and the compdatlon of  safety  statlstlcs. 
Pro-actwe. undertaktng of inspectlons, audlts and workplace vIstts. 

3.4 Review 

The review’s prlmary purpose IS to promote the contmual  improvement  stdl further  by: 
monltorlng the undertaklng of measures 

monitoring the undertaking of actlons as a result  of audits, Inspections  and investigattons 
Into accidentsfincidents 
identlficatlon  of changes in legtslatlon 

analysls proposals for  the Transport Accldent Board and Railway  Inspectorate 
statement of  new ObJectlves  (Rallned or  natlonal government) 
research Into  the  actual  effect of measures undertaken 
identiflcation  of  new rlsks 

3.5 Adjustments 

The results of the review lead t o  adjustments in the SMS or to a  fresh run-through of the steps In the 

SMS. This can concern any preceding element. Thus  a newly  Identifled  risk  may lead to changes In 

responsibilities of organisatlons and t o  changes in the  audit system. Should hlgher safety objectwes 

new standards. 

be set by the  national government, the current rlsks  would have to be compared anew wlth these 

3.6 New  risks 

There are many  causes of  new risks. The full SMS is run through and adjustments carrled out In the 
SMS for all these  rlsks. Examples of current new risks at Railned include: 

the laying of  the High Speed Lnes  HSL 
Increase in speed on existing infrastructure  from 140 to 160 kmlh 

new  tunnels 

new  frelght  line  on  Betuwe Route 
higher tram  frequency  on existing track 
new carriers 
introduction  of 25 kV overhead power lines 
changes In conduct  of carriers 
introduction of  new  rolling stock 
dlfferent organlsatlon 

changes In Infrastructure 
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4 Safety planning 

The f m t  Railway Safety  Strateglc Pollcy Plan for the  whole of the NS was  drafted In 1995 by 
Railned Railway Safety.  This pollcy plan  was by  Its  nature a plan  of approach.  Concrete safety 
ObJeCtlVeS were Included only In a  llmlted way. Thts was due In particular to  the lack of  sufflclent 

not posstble. In addttlon, there were no ublectwes or tnltial crlterla  from central government. 

tnslght into  the exlstlng sltuation. A comparlson wlth other rallways and departments was  therefore 

A  great deal of attentoon was paid In the prevlous perrod to  the  development  of a pol~cy plannlng 
document on Railway Safety by  the government. Radned Railway  Safety  provided major Input  for 

thls It is antupated  that  the  plan  w~ll be completed tn 1996. In the meantime,  a  great deal of lnslght 
has come about  concernlng the desired objectives for  the  vaiious  safety  aspects  through analysls of 
the current situatlon and through comparlson wlth  other  railways and departments. The provislonally 
drafted ObJecttveS have been  mcluded in the  Railway  Safety  Strateglc Policy Plan 1997-2001 The 

readlustment of the objectives. 
iftnanc~al/techn~call  achievabillty  of  the objectives IS still  to be put  to the test.  Thls could lead to 

The  activltles to be undertaken In the period 1997-2001 have  also  been set  down.  Many  activltles 

are the result of safety  studies performed for  national  government in the  context of the Rail 
Transport Policy Plan. Some  examples of these are: Further analysis and  refinement  of measures t o  

improve  safety of shunters  and  related  functions, improved  safety of passengers when embarking 

and disembarkmg t r a m  and improved  registratlon of cases of  injury t o  passengers  and staff. 

The  policy plan IS published  each year on a set date. The plan  gives an overview of the accldent 

the  plan covers the years n+ 1 t o  n+6. This means that  the annual plans t o  be  produced  by  the 
statistics of the previous year and  a  review of the progress of  safety  activities in that year. In yearn 

departments can be better  tuned t o  the plan of Railned which spans  a number  of years. 

Each carrier, the  infrastructure manager and capacity  management are obliged t o  produce an Annual 

objectives. The Strategic Policy Plan of Railned gives direction to this. In addition,  each  company 
Railway  Safety Plan whtch contams the objectives  and specific  safety  activities t o  achieve these 

Involved is obllged to produce an annual report in the  first quarter which  includes  the  safety achleved 

and progress concerning the  activities  stated in the  Annual Plan. 

Diagram  of Policy Plans and  Annual Plans: 

Railned 

Safety plan 
Public Strategic 

Transport Safety plan 
in the Rail transport 

(15 Yrs) 

- Current  situation - update every year 
-Targets 
- Priorities 

- Budget 
-Measures - activities 

Per  division: 
-targets 

- review 

I 

Traffic control 
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Appendix 1 

A Cause  Analysis of Signal  Passed A t  Danger 

[24 cases  in 1994 & 1996 (Jan-May)] 

Cause NO. of occurrence 

Long Working Hour / Shift  Pattern 0 

Influenced By Drug or Alcohol 0 

Personal  Stress or Family  Problem 0 

Personal  Health And Fitness 0 ll 
~~ 

Equlpment  Fault 1 

Procedural  Deficiency 1 

Inadequate  Knowledge 7 

Lapse Of Concentratlon 15 

Zommunicatlon  Breakdown 0 

risibility - .. 0 
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II 

1 
d 

i 

i 

The  Network  Division of the Deutsche Bahn AG will  introduce  a  new,  fully 

documented  organizational and  operational  structure in two stages  as  from 

January 1, 1997. An integral component will be the  "Operational Safety" 

management  system,  developed  for  the  Deutsche  Bahn AG with  the  support 

of  experienced corporate consultants,  Unternehmensberatung  GmbH  Dr. 

ADAMS  UND  PARTNER in Duisburg. It is against  this  background  that  the 

fundamentals  of the  concept for  the Operational  Safety  Management  System 

are  described  below. 

The  obligation to run the  system  safely  can be satisfied  only if the divisions 

implement  the  organizational concepts  which that obligation  implies; this is 

illustrated  by way  of  example  for  the  Network Division  (Chart 1). 

Consequently  the  tasks and appropriate authority must  be  assigned to the 

line  organization and to  the  advisory  organizational  units  (Chart 2). 

To be found in the  line  oroanizations  are all the  executive  and  implementing 

units  at  the  particular level in the  hierarchy.  Responsibility  for  operational 

safety is situated  here.  The degree  of operational  safety  within  the  tasks  to 

be carried out will be decisively  dependent  on  how  much influence the 

particular  function  has  on  it. 

Tasks and  authority must also be assigned to the advisory oraanizational 

units which do preliminary and  back-up  work - advising,  supporting  and 

monitoring  the  line  units. 

Decisive in this  context is proper  arrangement  of  cooperation  between  the 

line and advisory  units  (reporting  requirements ~ and whether information is to 

-be supplied  spontaneously  or upon  request  by the  recipient,  etc.). 

I 
J 
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O Initiating efforts to improve operational safety,  examining  the plausibility 

of investigation  reports on railway operational  accidents 

Providing technical support to persons charged  with  regular and 

recurrent in-service training 

Conducting  risk  analyses for processes impinging on operational safety 

and working  out risk evaluations 

Developing and updating communications  concepts for operational 

safety  (safety  culture) 

Coordinating  contacts  with  government authorities, associations and the 

like in regard to  operational safety matters. 

Cooperating with the specialty office of the Network Division and the 

specialty  offices of other divisions in operational  safety  matters. 

O Organizing  within the job order forwarding  process  routines for identifying 

safety  matters  which  impact multiple divisions 

Conducting success checks for efforts which are a part of the safety 

program and working out contributions  to the corporate management 

safety  report 

V 

Of prime  importance IS the clear delineation of assignments  between  the line 

organization ~ .~ and the  specialty office. 





Organizational Concept in the  Network  Division 
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EXTENT OF TRAIN AND STATION VIOLENCE - 1992/93 I 
During  1992  and  1993 violence in South Africa reached crltical proportions. During the year an average 

of 68 incldents per month occurred on Metro property mainly in the Soweto area and  on the East Rand 

near Johannesburg. This constituted about 10% of  all  incidents countrywide. 

These  incidents  resulted in no less than 25 deaths and 56 injuries  on average per month.  As a result of this 

unfortunate situation, ridership suffered substantially resulting in  a drop in annual revenue of 

approximately 15%. The risk to lives and its effect on the Metrorail business was considerable. - 1  
An attempt was made to reduce this risk by more effective manpower deployment and upgrade 

programmes to stations and  rolling stock. 

- 1  

ROLLING STOCK PROBLEMS I 

i 

- 1  

Problem areas that emerged during this period are listed  below: I 
Windows 

Side doors 

End doors and cross-over between coaches 

Lighting, or lack of it 

Lack of communication 

General combustibility  of the interior (seats, floors, panels and ceiling) 

Inability of  identifying perpetrators of violence and crime 

TI 
I 

PROBLEM AREAS AND THE ACTION TAKEN 

WINDOWS 

I 
Existing windows are of the full drop type having armourplate glass panes and aluminium frames. 

Problems experienced are breakages  due to mnings, theft of aluminium for sale as scrap, ingress of water 

resulting in rust and a large aperture allowing passengers to be pushed out by perpetrators of violence - 1  
during that unfortunate period. 

The new  windows are of the "hopper" type having the lower  half fxed, preventing ingress of water and - I 
the  top half hinging inwards to an angle of 30 deg. The  panes are made of 6~ ultra violet tinted ~~ ~~~ 

- -polycarbonate sheet which.cmot.bebroken by rocks orkicks and the frames-are made-of a combination 

of steel and aluminium, powder coated to render the material of low  scrap value. The windows are 

extremely robust and have been subjected to stringent tests by the Bureau of Standards to confirm their 

suitability. - 

~. 

- 1  - 

The fining of these windows  was  extremely  effective as reflected by the fact that during the winter of 1994 

a b u t  half  the  fleet running through Johannesburg had  no  windows through breakages, 100%  were intact 
- I 

























and  some  more to be built at other stations. These helped to spread the 
passengers more evenly along  the 300 metre  long platforms. 

Part time  platform  assistants are employed to assist and maintain 

order  at platforms during  peak hours at the  busy stations. 

Education Campaign is launched  every year to educate people to  be 
courteous. Risk with the  platform  gap is always included  in  the  main 

theme of the campaign. 

Yellow queuing boxes are pamted on platforms  for people to  queue 
when  awaiting trains. 

8. How  Much We Have Achieved? 

The number of passengers we  carried each year continues to rise. The 

trend is quite constant while  the risk level  with the platfonn gap has 

shown only  small  improvements. 

Year 1991  1992 1993  1994  1995 

Passenger Transits 

{million) 375.6  394.4  41 1.8 438.2 461.2 

Rate Of Increase 0 5 Yo 4.4% 6.4% 5.2% 

Platform Gag 40 50 45 57 40 

Accidents 0.106 0 127 0.109 0 130 0.087 

Risk Level (Der 

million  Transits) 0 19  8% -14.2% 193% -33.1% ~ -~ 

~~ 

. . .. 
~~ 



Risk Level  at 3 Stations with the  Greatest  Number  of  Platform Gap Accidents 

Monp  Kok Station 

Years 1991 1992 1993 1994 1995 

No. of Transits 

(million) 30 8 31 31 4 322 33 2 

Rate of  Increase 0 0.6% 1 3% 25% 3 1% 

No. of P. Gae 

Accidents 14 14 11 10 8 

Risk Level  (Der 

million  transits) 0 454 0 454 0.350 0.310 0241 

Chance in Risk 

level 0 0 -21% -9% -20% - 

Kowloon Tonp Station 

Years 1991 1992  1993 1994 1995 

No. of Transits 65.4m 

Rate of Increase 0 

No. of P. Gao 

Accidents 8 

Risk Level (Der 
~ ~ . .  

- million  transits) 0 122 

Chanee in Risk 

- Level 0 

66m 68 8m 726m 75 8m 

0.9?? 4 2% 5 5% 4 4 %  

13 16 19 7 

0 197 0.233 0.262 ~~ 0 092 
~~ 

62 5% 23% 18 8% -63% 
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